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WITH REFERENCE TO IN VIVO CHEMICAL ANALYSIS OF 
WATER, FAT, AND PROTOPLASMIC MASS 


BY ICIE G. MACY AND HARRIET J. KELLY 
The Merrill-Palmer School, Detroit, Michigan 


HE study of child development is handicapped because of inadequate 
information on the chemical composition of the body and on the com- 


ponents of body weight gain or loss during growth and maturation. 
Knowledge of body composition has major significance in health and 
disease and, therefore, in the care of children. 

As the body moves toward maturity and completion of physical 
structure, with consequent adaptation in physiologic function, the indi- 
vidual tissues and the organism as a whole must progressively change 
to accommodate for symmetry of physical and chemical growth if homeo- 
stasis and satisfactory nutriture of the body are to be maintained. It 
is generally understood that the body is dynamic in character, that the 
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modification of the composition of the body is subject to constant 
physicochemical fluctuations, and that a given unit increment in weight, 
stature, or chemical composition may be entirely different at one stage 
of development from the unit increment at another. For instance, in 
the infant a gain of 1 kg in weight means in large measure an increase 
in neural, glandular, and muscle tissues composed of a large proportion 
of active protoplasmic cell mass (Harris eé al., °30), whereas in the 
child the gain is primarily due to bone and muscle, and in the adult it 
usually indicates the accumulation of body fat (Behnke, ’41-’42, Behnke 
et al., °42, Osserman et al., ’50, Keys et al., °50, Widdowson ef al., 51, 
McCance and Widdowson, *51, Miller and Blyth, *52). More specific 
information on body composition in childhood and on the effect of the 
usual growth and maturation processes is urgently needed to bridge 
an essential gap in our knowledge of child development. 

The fact that few data on the direct chemical analyses of total or 
even parts of human bodies are available is due to the difficulty of obtain- 
ing bodies for analysis and to the many, almost insurmountable tasks 
involved in handling and sampling accurately such large quantities of 
diffuse biological materials. The individuals reaching autopsy and made 
available to the biochemist for direct chemical analysis too frequently 
have had questionable health records; hence the data resulting from the 
determinations may not represent normal body composition values. More 
fetuses have been subjected to chemical analyses than infants, children, 
or adults. Widdowson, McCance, and Spray (’51) recently presented 
new data and summarized existing knowledge on the chemical com- 
position of human bodies. In presenting the major chemical components 
of the body of a male child 44 years old, with a body weight of 14.0 kg 
and a height of 107 cm., these investigators point out that, although 
the results of the analyses are of great value to physiologists and path- 
ologists, “ the findings require cautious interpretation if they are to be 


? ‘ 


used as the basis of normality.” They emphasize that “many more 
bodies will have to be analyzed to establish reliable figures for the 
normal average and its variation.” 

The importance of quantitative evaluation of body weight with 
special reference to fat, fat-free mass, water, and minerals was stressed 
by Moulton (’23) and Hastings (40-41) in their classic studies of 
chemical composition of body tissues of animals. Numerous investigators 
have demonstrated that the relative fatness of adults of the same species 


does not affect the composition of the fat-free body mass. Moulton 
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discovered three decades ago that the concentration of water, protein, 
and ash of the fat-free body mass becomes more or less stationary, after 
which no appreciable changes occur; he described this state of body 
composition as chemical maturity. Applying the results obtained on 
animals to human individuals, Moulton surmised that by early childhood 
the fat-free protoplasmic mass has reached a more or less constant 
chemical composition. This theory is supported by belief that growth 
and development are most stable between the ages of 4 and 9 years. 

In later systematic work involving detailed analyses of whole bodies 
of several species of mammals at various ages, including man, Spray 
and Widdowson (750) point out that mammals similar morphologically 
have similar composition and that the term chemical maturity can be 
applied to the body as a whole only when all its constituents have reached 
constant level. In a recent report on continuing studies of linear growth 
of long bones (Maresh, 755), it is stated that “ beginning at about three 
or four years of age and continuing to the prepubescent years, the child- 
hood patterns of long-bone growth were found to be remarkably stable 
and orderly. Here the changes in percentile levels with increasing age 
were minimal, fluctuations were few, and the growth curves for all four 
bones [humerus, radius, femur, and tibia] were usually alike descrip- 
tively. ‘Latency’ would seem to be a good term for linear physical 
growth in the childhood years.” 

During the Second World War the urgent need for improved prepara- 
tion and care of military personnel stimulated intensive research on body 
composition for in vivo chemical analysis of the human body. Under the 
able leadership of Behnke (741-742), investigations were designed which 
resulted in practical procedures for partitioning the body weight of 
living adult men and women into its principal components—water, fat, 
and lean body mass. The results have been extended and verified in 
principle by other investigators (Keys et al., 50, McCance and Widdow- 
son, *51, Miller and Blyth, ’52), and they agree in general with the 
few data obtained by direct chemical analysis of human bodies (Widdow- 
son et al., °51, Forbes et al., 753, Mitchell et al., ’45). 

The purpose of this paper is to apply similar methodologies and to 
adapt them for partitioning body weight of living children into fat, 
total body water, extracellular water, intracellular water, and lean body 
mass. In this way body composition in childhood can be predicted with 
reasonable accuracy in relation to physical and chemical growth and to 
maturation. A battery of tests were made, including anthropometric 
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measurements, roentgenographic assessments of skeletal maturation, and 
biochemical studies of urine, physiologic functions and basal oxygen 
consumption. These tests served as the basis for assessing the body 
composition of active, healthy children. The fact that so many inde- 
pendent evaluations were made, both direct and indirect, provided a 
check on the methods used and the values obtained. 


EXPERIMENTAL 


This report on the assessment of body composition in childhood is 
an extension of the investigation recorded in Nutrition and Chemical 
Growth in Childhood (Macy, *42, *46, 51). The description of the 
children, the environmental conditions and controls, and the tests applied 
are recorded in detail in Vol. 1—EFvaluation (Macy, °42), Vol. 2— 
Original Data (Macy *46), and Vol. 3—Calculated Data (Macy, ’51). 
The children selected and observed throughout childhood were those 
whose medical records showed a minimum of illnesses, none of which 
were extensive or severe, and the absence of known untoward hereditary 
factors in their medical histories; who were normal in weight for height 
by the standards of Meredith (35) and Boynton (’36); and whose 
roentgenograms indicated skeletal development and maturity within 
normal limits (Macy, *42, 746, 51). The methodologies used as the basis 
of physical and chemical growth and maturation are shown in table 1. 
Childhood refers to the years between the ages of 4 and 12. 


TABLE 1 
Methodologies used in growth studies 


Anthropometric Measurements 
Weight 
Length: Total body, stem, tibia, head 
Width: Biacromial (shoulder), intercristal (hip), intertrochanteriec (hip) ; 
head, chest 
Depth: Chest 
Circumference: Head, chest, upper arm, thigh, abdomen 
Subcutaneous tissue: Fat over biceps 


Roentgenologic Maturity Assessments 
Hand Elbow Knee 
Shoulder Foot Hip 


Biochemical Studies 


Urinary excretion of total nitrogen and creatinine 
Basal metabolic rate 
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Investigators studying body composition have used various terms 
for those components of body weight that are associated with the active 
protoplasmic mass or cell mass. In this discussion, lean body mass is 
composed of extracellular water, intracellular water, and cell solids. 
(ell solids equals lean body mass minus total body water (extracellular 
and intracellular). Fat equals gross body weight minus lean body mass. 

Some adjustments have been made in the calculations to correct for 
differences in terminology. Lean body mass, as used in this paper, 
contains no fat. In Behnke’s definition (’41-’42) of this term, a certain 
amount of “essential” fat is included. Therefore, when Behnke’s 
equations were applied, his lean body mass values were adjusted to 
eliminate the 10% essential fat for boys and the 15% for girls that 
he had included. In our values, this “essential” fat is included in total 
body fat, which makes our figures for total fat appear higher than those 
reported by Behnke. 

Cell mass is used by some investigators. It may be obtained in one 
of two ways: (1) lean body mass minus extracellular water; (2) cell 
solids plus intracellular water. 


RESULTS 


The results of this investigation contribute to a more specific evalua- 
tion of the principal body components in childhood—total body water 
(including its integral parts, extracellular and intracellular water), fat, 
and lean body mass. 


Body Water Evaluation. Water is essential for the construction, 
function, and maintenance of the homeostatic condition of the body. 
The physicochemical reactions, on which cellular function and life 
depend, take place in the presence of water and are affected by fluctua- 
tions in the water content of the body. Three methods have been 
employed in the estimation of the volume of water in the body: (1) 
chemical analysis by the desiccation procedure applied after death 
(Widdowson et al., °51, Spray and Widdowson, ’50, Forbes et al., 753, 
Mitchell et al., 45) ; (2) in vivo dilution procedures employing a variety 
of chemical substances (Pace et al., ’47), Soberman, *49, Steele et al., 
50, Kraybill e¢ al., 51); and (3) the method of water displacement for 
determining the specific gravity of living persons and cadavers (Behnke, 
41-42, Zook, ’32, Boyd, ’33, Brozek et al., 49). 

The equations derived by Friis-Hansen et al. (’51) for determining 
the volume of total body water of children were directly applicable to 
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the assay of the body composition of our children. Their technique 
utilized the dilution method with either deuterium oxide or antipyrine 
or both, and the equations developed took into account, first, weight, and 
second, surface area as follows: 


Total body water = 0.55 & weight + 0.51 SD=+%74% (1) 


Total body water = 15.05 X surface area — 0.71 


Total body water is given in liters, weight in kilograms, and surface area 
in square meters, as determined by DuBois’ formula (’16). Application 
of the first equation to the data accumulated on the children in this 
report gave for relative body water composition a value ranging from 
56 to 58%, whereas the second equation, which takes into account body 
size or surface area, gave a somewhat wider range of 46 to 58%. These 
values are presented in table 2. 


TABLE 2 


Estimated total body water in body weight in childhood 


RANGE OF TOTAL 
BODY WATER 
Percent of 
PROCEDURE USED REFERENCE Kilograms Body weight 


Derived from studies on children: 


Predicted from body weight Friis-Hansen et al., ’51 9.6—23.6 56-58 
Predicted from surface area * Friis-Hansen et al., ’51 9.6—20.1 46-58 
Adapted from studies of adults: 
Based on chronologic age McCance and 
Widdowson, ’51 9.9-24.6 56-62 
Based on anatomic age McCance and 
Widdowson, ’51 9.9-25.4 56-62 


* Although the predictions from body weight and surface area were made on the 
same group of children, the minimum absolute values represent two different children 


in the group, which accounts for the apparent discrepancy in relative values. 


By means of an independent biochemical procedure, McCance and 
Widdowson (751) developed the following equation for adults: 


Total body water = extracellular water + 67% cell mass. 
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The prediction equations for the amounts of extracellular water, cell 
mass, and fat were formulated by the method of least squares, from data 
given by these investigators, utilizing relative body weight status instead 
of actual or gross body weight. In applying these prediction equations 
to children, the relative body weight status values were derived from the 
standard values developed by Pryor (’43). These norms were arrived 
at by use of several measurements, namely, sex, age, height, hip breadth, 
and chest breadth. The prediction equations used in calculating values 
for our children were as follows for boys: 


Iixtracellular water (% body weight)—— 0.16 
< % normal weight + 36.64. 
Cell mass (% body weight) — 0.16 


X % normal weight + 72.69. 


and for girls: 


Extracellular water (% body weight)—— 0.11 
xX % normal weight + 33.85. 
Cell mass (% body weight) — 0.16 


< % normal weight + 70.56. 


Normal weight was estimated by both chronologic and anatomic ages. 
When measurements of body size or composition are based on age, 
anatomic or skeletal age often gives a truer evaluation. For this reason, 
the percentages of total body water are presented for both chronologic 
and skeletal ages (table 2). On the basis of chronologic age the results 
obtained for total water amounted to 56 to 62% of the body weight and 
were comparable to the range of 46 to 58% derived from the equations 
of Friis-Hansen et al. (751). On the basis of anatomic age, the sub- 
stituted equation of MeCance and Widdowson (751) produced similar 
values of 56 to 62% total body water. 

Edelman ef al. (752) determined total body water in normal human 
human beings of both sexes throughout the life span by using the 
deuterium oxide dilution technique. One hundred and twenty measure- 
ments were made on subjects two days to 86 years of age with a weight 
range of 2.3 to 100.3 kg. No appreciable difference attributable to sex 
was noted until the age of 16 years; thereafter the mean body water 
was lower in the females studied than in the males of corresponding age. 
The ranges of total body water determined were 55.2 to 62.8% of body 
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weight from one to 9 years, 51.8 to 63.2% for males from 10 to 16 years, 
and 49.8 to 59.5% for females 10 to 16 years of age. 

The estimates of body water in childhood presented in table 2 fall 
within the range found by Edelman et al. (’52) for normal childhood. 
Further confirmation is thus given to the values obtained in our study 
of nutrition and chemical growth in childhood, inasmuch as the volumes 
of water compare favorably with the results obtained by direct analysis 
by desiccation of the cadaver of a 44-year-old child (Widdowson et al., 
51). The percentage of water in the whole body of the child on a fresh 
weight basis amounted to 53.8, which was somewhat lower than the 
values for childhood determined in our studies, no doubt because the 
child had been ill for two weeks prior to death and its body water had 
been reduced some by dehydration. 


Extracellular Water Evaluation. Manery (’54) described extra- 
cellular fluid as “an ill-defined physiological unit made up of plasma, 
lymph, cavity extracellular fluids and interstitial fluid of tissues. Each 
type resembles the plasma in a general way but each one is dissimilar 
to the plasma and to all others in a fashion depending upon the site 
and function of the particular tissue of which it is a part.” He also 
distinguished anatomic and physiologic measurements of extracellular 
water. On a practical basis, the usual determination of extracellular 
water falls somewhere between the anatomic and physiologic measure- 
ments and is the value most generally obtained with present clinical 
procedures. 

Morse et al. (’47) studied 65 normal healthy children, aged three to 
17 years, and determined available fluid volume by the sodium thio- 
cyanate dilution method. By the method of least squares these investi- 


gators obtained the following equations: 


For children with surface areas of 0.5 to 1.2 square meters: 


Available fluid volume = — 6.14 + 0.1042 height (em). 
Available fluid volume = — 1.48 + 9.12 surface area (sq. m.). 
For children with surface areas of 1.0 to 2.0 square meters: 
Available fluid volume = — 27.20 + 0.2557 height (cm). 
Available fluid volume = 7.15 + 14.22 surface area (sq. m.). 


For the whole range of childhood and adolescence: 
Available fluid volume = — 0.03 + 0.287 weight (kg). 


On the assumption that the available fluid volume may be considered 


qh 
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equivalent to extracellular fluid, we applied these equations to the data 
recorded in Nutrition and Chemical Growth in Childhood. When the 
results obtained on the basis of height, weight, and surface area were 


averaged, from 2 


TABLE 3 


5 to 30% of the body weight was estimated to be 
extracellular water (table 3). 


Estimated extracellular and intracellular water in body weight in childhood 





RANGE OF WATER 


Percent of 





PROCEDURE USED REFERENCE Kilograms Body water 
Extracellular water 
Derived from studies on children: 
Predicted from height, weight 
and surface area Morse et al., ’47 4.7-12.6 25-30 
Predicted from weight and Friis-Hansen et al., ’51, 
surface area Gamble, *47 2.7-— 6.2 15-17 
Predicted from weight and McCance and 
surface area Widdowson, ’51, 
Friis-Hansen et al.,’51 3.5— 8.0 19-21 
Adapted from studies on adults: 
Based on chronologic age McCance and 
Widdowson, ’51 3.6— 8.6 19-24 
Based on anatomic age McCance and 
Widdowson, ’51 3.7— 9.2 19-24 


Intracellular water 


Derived from studies on children: 
Predicted from weight and Friis-Hansen et al., ’51, 


surface area Gamble, °47 6.9-15.6 37-42 
McCance and 
Widdowson, "651, 


Friis-Hansen et al.,’51 6.1-13.8 33-37 


Predicted from weight and 
surface area 


Adapted from studies on adults: 


Based on chronologic age McCance and 


‘ed 


Widdowson, ’51 6.1-15.9 35-40 
Based on anatomic age MeCance and 
Widdowson, 51 6.1-16.3 35-39 





McCance and Widdowson (51) developed a simplified method of 


obtaining body composition which is applicable to living persons in 











298 ICIE G. MACY AND HARRIET J. KELLY 


health and disease. According to their thesis, the body is in large measure 
composed of total body water, extracellular water, cell mass, fat, and 
minerals. They determined body water by the dilution procedure, In 
the extracellular fluid determinations, sodium thiocyanate was used and 
corrections were made for its penetration into the erythrocytes. The 
prediction equation for evaluating the volume of extracellular water in 
the body, as given above, was derived from the data of McCance and 
Widdowson by the method of least squares. 

The relative amounts of extracellular water of the body during 
childhood are recorded with respect to both chronologic and anatomic 
ages in determining normal weight (table 3). The extracellular water 
was found to occupy 19 to 24% of the body weight whether the prediction 
equation was referred to chronologic or to anatomic age. 

The relative volumes of extracellular water determined by the predic- 
tion equation developed from McCance and Widdowson’s data on adult 
men and women gave lower levels than those obtained by the equation 
of Morse ef al., namely, 19 to 24% and 25 to 30% of body weight, 
respectively. These differences could be accounted for by the possibility 
that Morse et al. made no correction for the penetration of the sodium 
thiocyanate into the erythrocytes; or the discrepancies may have origi- 
nated in the application of equations derived for adults to measurements 


of extracellular fluid in children. 


Intracellular Water Evaluation. McCance and Widdowson (51) 
measured the amount of cell mass and extracellular water and, assuming 
that the cells contained 67% by weight of water, calculated the intra- 
cellular water. The average summary values derived by this procedure 
gave results of 59% for total body water, 21% for extracellular water 
and 38% for intracellular water of body weight in childhood. These 
values agree closely with those obtained by the use of the Friis-Hansen 
et al. data on total body water which gave average values of 55% total 
body water, 20% extracellular water, 35% intracellular water of body 
weight in childhood. Edelman obtained 59% total body water in child- 


hood. 


Body Fat Evaluation. In a review of the general subject of the esti- 
mation of fat in the body Brozek and Keys (750) state that “ while 
the present orientation is toward nutritional application, it should be 
observed that estimation of the proportion of fat in the human body 


is needed for an intelligent interpretation of body weight and its change 
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in different physiological conditions; for the investigation of differential 
rates of growth and involution of body tissues during the life cycle; for 
a quantitative description of the physical constitution and ‘ body type,’ 
especially with reference to morbidity and mortality trends; and for the 
study of sex and race differences.” 

Direct measurements of specific gravity of adult men (Behnke, *41- 
42, Osserman et al., 50, Keys et al., °50, Messinger and Steele, 49) and 
children (Zook, 32, Boyd, *33) demonstrated that fat, with its low 
density (0.92 specific gravity), is the primary variable which determines 
individual body density. Studies of total body specific gravity led Behnke 
(41-42) and co-workers (Morales et al., 45, Pace and Rathbun, 745) 
to the conclusion that the living body can be divided into a “ fat-free ” 
portion (lean body mass) of constant gross composition (which includes 
a certain amount of essential fat) and a variable quantity of fat. Since 
lean body mass may be considered to be relatively constant with respect 
to water content for the same species, age, and sex (Widdowson et al., 
‘51, Morales et al., °45), it is possible to estimate total body water from 
fat content and, conversely, total body fat from water content (Widdow- 
son et al., 51, Morales et al., ’45, Steele, 50). Calculations were based 
on 71.8 to 73.2% water in the lean body mass. 

Body water by the antipyrine dilution method (Steele, 50, Keys and 
Brozek, 53) and specific gravity by the method of underwater weighing 
have been determined on the same men (Osserman et al., 50, Messinger 
and Steele, 49). The two independent methods of assay gave closely 
agreeing results for total body water and total body fat. According to 
some investigators, the substitution of the antipyrine method for specific 
gravity measurement is considered a valid means of eliminating the 
subject cooperation required by underwater weighing. 

In a study of the human body during infancy, childhood, and adoles- 
cence, Boyd (733) related specific gravity to stature and to age. For 
children at mid-respiration she derived the following equations: 

Specifie gravity = (1).95431 + 0.000402 * stature (em). 

Specific gravity = 0.98705 + 0.002218 & age (years). 
When these equations were applied to our data in Nutrition and Chemical 
Growth in Childhood, good agreement was found between specific gravity 
on the basis of stature and on the basis of age. The average values for 
specific gravity derived from the study of Zook (’32) on 164 boys, aged 
» to 19 years, agree with those presented by Boyd. In determining the 
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specific gravity values with which to calculate the body composition of 
our children, the results obtained by Boyd were averaged with the 
smoothed values for the boys in Zook’s study. The calculated specific 
gravity of our children give a range between 0.999 and 1.015 (table 4). 


TABLE 4 


Estimated fut content of body weight in childhood * 








RANGE OF FAT CONTENT 
Percent of 


PROCEDURE USED REFERENCE Kilograms Body weight 











Derived from studies on children: Friis-Hansen et al., ’51 3.5—12.2 21-29 


Adapted from studies on adults: 


Using standard weight 


Based on chronologic age MeCance and 
Widdowson, ’51 2.5-—7.0 12-21 
Based on anatomic age McCance and 
Widdowson, ’51 2.4- 7.1 12-23 
Using urinary creatinine 
Based on chronologic age Miller and Blyth, ’52 2.7— 9.9 13-31 ' 
Based on anatomic age Miller and Blyth, *52 2.7- 2.9 13-31 


* Specific gravity predicted from stature and age ranged from 0.999 to 1.015, with 


an average of 1.005. 


Estimations of body fat in vivo were also made from total body water 
by means of equations developed for children as well as equations 
developed for adults and adapted to children. The following prediction 
equation for the amount of fat was formulated by the method of least 
squares from data on adults given by McCance and Widdowson (51) 


utilizing relative weight status: 
Fat (% of body weight) 0.34 & % of normal weight — 17.60. 


From the equations for children, the fat content of the body of our 
children ranged from 21 to 29% of the body weight, as shown in table 4. 
Methods developed on adults, including the use of formulas based on 
standard weight and creatinine excretion data, gave results in fair agree- 
ment. It will be noted that values obtained by independent methods 
gave a range of 12 to 31% fat in the body weight of our children. 
Although this amount of fat is important when considering the com- 
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position of body weight, the results correspond with the estimated specific 
gravity and subcutaneous fat findings in indicating that our children 
possessed a moderate amount of body fat, in view of the fact that these 
values include a certain amount of essential fat. 

Numerous tests demonstrated that our children were well nourished 
but were not obese by any of the standards used. On the basis of chrono- 
logic age their weight range was from 86 to 110% of the standard 
weights, and a similar range was obtained on the basis of anatomic age. 
When measured by the skinfold method on the biceps in accordance 
with the Franzen (’29) technique, they showed a range of 78 to 155% 
of subcutaneous tissue, which indicates moderate fatness. The retention 
of the total electropositive and electronegative minerals by the children 
indicated that their change in body weight was due to increase in lean 
body mass and not to excess body fat or water. 


Lean Body Mass Evaluation. Lean body mass may be estimated in 
the living subject by several independent methods, such as measurements 
of oxygen consumption, urinary excretion of creatinine per 24 hours, 
urinary nitrogen excretion, and storage of nitrogen by the metabolic 
balance method. Basal metabolic rate and creatinine excretion have long 
been associated with that amount of protoplasmic tissue present in the 
body, although individual tissues composing the total protoplasm in 
the body consume oxygen at characteristic but at dissimilar rates. A 
close relationship would be expected, therefore, between the total amount 
of lean body mass and the oxygen consumption and the urinary creatinine 
excreted, referred to a square meter of body surface area. Assuming 
that the relative composition of the lean body mass is on the average the 
same during childhood and adulthood, we adapted the equation developed 
by Miller and Blyth (52) to children, using the determined values of 
basal oxygen consumption: 


Lean body mass = standard weight 


0. 
(— 0.08943 + 


92674 oxygen consumed 
oxygen standard , 


The standard values employed for oxygen consumption were those of 
Lewis et al. (43) and Kenyon et al. (’54). The results on the basis of 
chronologic age showed that the children of Nutrition and Chemical 
Growth in Childhood possessed 69 to 88% of their body weight in lean 
body mass, and on the basis of skeletal age 69 to 92% (table 5). The 
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percent of lean body mass obtained by this procedure was comparable 
to the values obtained by methods involving the measurement of either 
body water or body fat. Behnke’s data (53) derived from adults were 
adapted for children by the following equations: 


Lean body mass 
standard weight 74.1 Cal. hr.-? 
46.54575 Cal. hr.-' standard 
Lean body mass 

standard weight / 61.98 Cal. hr.-? 
34.20495 Cal. hr.-! standard 
The results showed that 55 to 86% of the 


lean body mass. 


TABLE 5 


35.26 height for boys 
standard height 


29.25 height for girls 
standard height 


body weight of children was 


Estimated lean body mass in body weight in childhood 





PROCEDURE USED REFERENCE 





Derived from studies of body 


RANGE OF 
TOTAL LEAN BODY MASS 
Percent of 


Kilograms Body weight 





water of children Friis-Hansen et al., ’51 13.1-29.8 71-79 
Adapted from adult fat content: 
Based on chronologic age MecCance and 
Widdowson, ’51 13.7—35.0 79-88 
Based on anatomic age McCance and 
Widdowson, ’51 13.7-36.2 77-88 
Adapted from adult oxygen 
consumption: * 
Based on chronologic age Miller and Blyth, ’52 15.5-—35.7 71-88 
Based on anatomic age Miller and Blyth, °52 15.3-40.8 79-92 
Based on height and weight Behnke, ’53 12.5—-31.7 55-86 
Adapted from adult urinary 
creatinine excretion studies: 
3ased on chronologic age Miller and Blyth, 52 14.5-31.9 69-87 
Based on anatomic age Miller and Blyth, ’52 14.5-31.9 69-87 





* These values are based on the range of averages of age groups, whereas the other 


values in the table represent the entire range for individuals. 
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A study of the urinary nitrogen excretion offers other means of 
evaluating body composition of children. Numerous investigators have 
found relationships between basal metabolic rate and urinary creatinine 
excretion rate when results are derived from body weight in kilograms, 
stature in cubic centimeters, and surface area in square meters. In 
evaluating the amount of lean body mass by means of creatinine excre- 
tion, we converted the equation of Miller and Blyth (’52) for adults 
to an equation for children: 





- 0.51296 creatinine 
Lean body mass =standard weight { 0.2548 +- - 


standard creatinine 


The standard creatinine values used were those of Clark e# al. (751). By 
this method of analysis of body weight composition, lean body mass 
ranged from 69 to 87% on the basis of chronologic age and from 69 to 
87% according to skeletal age. The observed creatinine coefficient, in 
milligrams of preformed creatinine nitrogen per 24 hours divided by 
body weight, was constant within the range of 7.5 to 9.7. In estimating 
lean body mass from total body water, Friis-Hansen et al. (51), we 
found the lean body mass to range from 71 to 79% of the body weight 
in childhood. Similar results were obtained by adapting the McCance 
and Widdowson (751) studies on adults to children, giving values for 
lean body mass of 79 to 88% on the basis of chronologic age and 77 
to 88% on the basis of anatomic age (table 5). Our values, estimated 
from the total body water data given by Edelman et al. (’52) using the 
factor 73.2, ranged between 68 and 86% lean body mass in the weight 
of normal children. They compare favorably with the results of 55 
to 86% lean body mass obtained by applying Behnke’s (753) equation 
based on oxygen consumption, height and weight and adjusted for 10 to 
15% essential fat, although the latter range varies more widely, 

In this study of the body composition of children, we arbitrarily 
chose the average value of 73.2% to represent the total water in the 
fat-free body of children in preference to lower values (70 to 71.8%) 
employed by some investigators studying the body composition of adult 
men and women. Although the use of the higher factor for total body 
water in the fat-free body mass results in lower estimates of lean body 
mass and higher body fat, they are comparable to values arrived at by 
independent procedures. 

The equations developed by Friis-Hansen et al. (751) for children 
based on weight and surface area permit a study of body composition in 
relation to age trends. Table 6 demonstrates the trends in actual and 
relative body composition for boys and girls. 
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The results on body composition of children reported in this study 
correspond favorably with the few direct chemical analyses that have 
been made on children’s bodies after death. With the assumptions made, 
with the hazards incurred when procedures developed on adults are 
adapted and applied to children, and with the relatively few boys and 
girls observed at certain age levels, it seems more than chance that such 
close agreement was reached in the prediction of composition of body 
weight of living children through the use of independent direct and 
indirect physical and chemical measurements. The fact that so many 
independent evaluations were made, both direct and indirect, provided a 
check on the methods used and the values obtained. 

The fact that successive observations were made and longitudinal 
data were accumulated on the same children throughout childhood while 
they were maintained on a known adequate diet and lived under favorable 
environmental conditions contributed to the accuracy of the determina- 
tions and measurements from which the predictions of body composition 
were made. 


SUMMARY 


The values for body composition of healthy living children presented 
here were acquired by several totally independent procedures and were 
based upon biochemical determinations, anthropometric measurements, 
skeletal maturation assessments, and physiologic functional tests. The 
observations were made on the same subjects during childhood (4 to 12 
years) at the time they were adapting and maturing physiologically and 
physically in accordance with the demands of the growth impulse that 
was characteristic for the individual. 

The methodologies selected, applied directly or adapted for the pre- 
diction of the composition of body weight, gave the following average 
percentages of the major constituents of body weight for the period of 
childhood: total body water, 55% (extracellular water, 20%; intra- 


~y 


cellular water, 35° ) fat, 25%; lean body mass, 75%. The average 
specific gravity for childhood was 1.005. These estimated values in terms 
of in vivo body composition provide information for use in integrating 
studies of physical and chemical growth, maturation, and nutrition of 
children. They will serve until such time when more exact measurements 
of each component of the body weight can be obtained on a large number 
of boys and girls at different age levels. 
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SOME PHYSICAL PECULIARITIES OF DEAF-MUTE 
BOYS 


BY BIN YAMAGUCHI 


Department of Anthropology, Tokyo University, Japan 


INTRODUCTION 


T is said that the abnormal is only a modification of the normal 
if and that a hitherto unknown norm can be detected through a careful 
analysis of the abnormal. This study, dealing with deaf-mute boys, 
seeks to determine some peculiarities in their physical type and motor 
function. A further purpose is the possibility of obtaining some sug- 
gestions for the study of normal processes. The data used are abstracted 
from my unpublished master’s dissertation (Yamaguchi, ’55). 


MATERIAL 


Fifty-eight deaf-mute boys (15-17 years of age) from two schools 
for the deaf in Tokyo were measured and investigated in 1953-1955. 
With respect to cause and range of disease, the materials are somewhat 
heterogeneous. But, to my regret, the sample size is so small that I can 
only deal with them en bloc. 

In order to obtain standard data for comparison, I carried out a 
similar investigation on 119 normal boys and 148 girls (15-17 years) 
of a high-school in Tokyo, whose average socio-economic status is very 
close to that of the deaf-mute boys. 


METHOD 


Measurement. Stature, arm length (acromion height—dactylion 
height), leg length (height of iliospinale), shoulder breadth (biacromial 
diameter), hip breadth (iliocristal diameter), circumferences of upper 
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arm, wrist, and thigh, and subcutaneous fat thickness (skinfold on 


medial surface of upper-arm). 


Motor function. a. Static balancing (duration of toe-standing on 
a bar with open eyes), b. reaction time (simple visual reaction time), 
c. manual dexterity (match-board test), d. finger dexterity (ball-picking 
test), e. motor speed of arm (tapping test), f. muscle strength (hand grip 
and Sargent jump), g. mimic muscle movement (closing one eye), and 
h. handedness (throwing hand). 


FINDINGS 


It would not be useful to record here the detailed figures of means 
and variances. The main results are illustrated in figure 1. Mean 
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Fic. 1. RELATIVE DEVIATION oF DEAF-MUTE Boys FROM NoRMAI Boys, 
IN PHYSIQUE AND Motor FUNCTIONS. 


differences between deaf-mute and normal boys are represented by relative 
deviations of the former from the latter. So as to make clear the degree 
of divergence, the normal sex differences in physique are also figured. 
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Physique. Whereas the deaf-mutes have slightly shorter limbs and 
stature, considerably narrower shoulders, and very slender arms and 
thighs (even more slender than in the normal girls), hip breadth and 
subcutaneous fat thickness are somewhat greater than in the normal 
boys. Thus, all of the nine measurements tend to approximate those 


of the normal girls. 


Motor function. Static balancing ability is quite defective (table 1). 


TABLE 1 


Static balancing ability of deaf-mute and normal boye 





NO. STANDING DURATION (IN SECONDS) PERCENTAGE 











0-9” 10-x” or (10-x”) 
Deaf-mute 58 53 5 9.4 
Normal 119 19 100 84.0 


Correlation between balancing ability and the degree of hearing-loss 
is not so close as was expected (r—.25). 

Except in reaction time, the deaf-mutes are significantly inferior in 
manual and finger dexterity, motor speed, hand grip and jumping (as 
seen in figure 1). 

The deaf-mutes seem to be somewhat inferior in left eye-closing 


(P= .20) (table 2). 


} TABLE 2 


The results of the eye-closing test 





PERCENTAGE 


| NO. EYE UNSKILLFUL SKILLFUL OF SKILLFUL 
Deaf-mute 54 right 26 28 51.9 
left 26 28 51.9 
Normal 119 right 55 64 53.8 
left 43 76 63.9 


Frequency of left-handedness is significantly higher in the deaf- 
mutes (table 3). 
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TABLE 3 
Frequency of left-handedness 
NO. LEFT-HANDED PERCENTAGE 
Deaf-mute 58 ll 19.0 
Normal 119 6 5.0 
P< Ol 
DISCUSSION 
Physique. Extreme smallness of the circumferential measures, es- 


pecially of wrist girth, and more than normal thickness of fat clearly 
indicate the weakness of muscle and/or bone. In view of the well- 
known fact that excessive deposition of fat is usually controlled by 
muscular activities, the lack of ordinary body movement appears to be 
one of the factors leading to such a deviant development of the deaf- 
mute body. 

Further, the general concept of the deaf-mute body form (that is, 
almost normally long and strikingly slender, but considerably adipose) 
reminds us of the physique resulting from retarded metabolism, as in 
the case of thyroid hypofunction. In this regard, it is also possible 
that the metabolism and action organs of normal people are, in every 
ordinary movement, repeatedly encouraged by labyrinthine (vestibular) 
stimuli via sympathetic nerve activity, and that a similar but lesser 
effect may be produced by auditory stimuli. Therefore, it would be 
quite natural for deaf-mutes, who lead rather inactive lives and receive 
neither vestibular nor auditory stimuli, to have lowered metabolic fune- 
tion and resulting physique of the type described above. 


As shown in table 4, fat thickness and static balancing ability of 


TABLE 4 


Correlation between fat thickness and static balancing ability 


of deaf-mute boys 


FAT THICKNESS STATIC BALANCING 
( ABDOMINAL) BAD (0-2”) Goop (3”-x) TOTAL NUMBER 
thin (x-8mm) 7 13 20 
thick (9-x mm) 9 3 12 


= .033 
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the deaf-mutes are significantly correlated, and thus support this 
interpretation. 

Moreover, some feminine tendencies may be noted not only in the 
absolute but in the relative measures (table 5). 


TABLE 5 


Hip-shoulder index and arm-leg index 





NORMAL DEAF-MUTE NORMAL 


ROYS BOYS GIRLS 
Hip breadth/shoulder breadth 712 .760 .784 
Arm length/leg length 812 .798 .798 





These also can be interpreted as probably due to the lack of mascu- 
line, or active and catabolic tendencies in the deaf-mute metabolic and 
autonomic balance. 

If these interpretations are correct, similar factors might be taken 
into account in analyzing the normal body form. 


Motor functions. As most of the deaf-mute boys have defective 
labyrinths, they find static balancing very difficult. Jumping ability is 
reduced both by the defect in balancing and weakness of muscular 
development. 

Reduced dexterity of manual and finger movements is inferred to be 
a result of an undifferentiated Broca’s area in the brain, because lesion 
of the cerebral speech area is known to produce the symptom of apraxia 
(a kind of motor confusion) as well as motor aphasia. 

It has been recognized in normal right-handed people that, while 
simple and automatic movements are performed equally well by both 
hands, intensive or integrative movements are performed better by the 
right hand than by the left. From this point of view, the right hands 
of the deaf-mutes which are normal in reaction time but quite weak in 
grip strength and other complex movements, can be compared to the left 
hands of normal people. The high frequency of left-handedness in deaf- 
mute people has long been known and is also noticeable in this sample. 
These data, together with the results of the eye-closing test, seem to 
reveal a lack of development of right-left differentiation in deaf-mute 
cerebral function, which is also confirmed by table 6. 
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TABLE 6 


Left/right ratio of grip strength 


NO MEAN s* 
Deaf-mute 57 95.63 207.2 
Normal 115 90.48 76.0 


P< 05 (according to Aspin’s test) 


From the above considerations, we are led to the conclusion that 
the motor function of the deaf-mute brain corresponds to that of the 
normal right hemisphere, which, lacking the speech area, is not so 
highly integrated as the left. This not only shows the closeness of 
relation between manual function and speech development, but will give 
some suggestions and perspectives for analysing the differentiation and 


evolution of human physical functions. 


SUMMARY AND CONCLUSION 


Physique and motor functions of the 58 deaf-mute boys were com- 
pared with those of normal boys and girls. The conclusions are as 
follows: 

1) Body form of deaf-mutes, which is characterized by extremely 
slender limbs and thick subcutaneous fat, resembles that of persons whose 
metabolic rates are somehow lowered and thus approaches the feminine 
type. This seems to be a result of metabolic retardation caused by the 
generally sedentary nature of deaf-mute life. 

2) Motor functions are generally lowered. Detailed study of the 
data has revealed a lack of development of the cerebral motor function, 
especially of functional right-left differentiation, which can be attributed 
to the lack of a speech area in the deaf-mute brain. 


ACKNOWLEDGMENT 


I am greatly indebted to Prof. A. Suda for his helpful advice and 
criticism. Mr. Y. Kohara and Mr. M. Iwamoto have cooperated whole- 
heartedly in this study. I also wish to thank Dr. G. W. Hewes for his 
kindness in checking the manuscript. Particular thanks are due to all 
the unfortunate boys and their teachers whose enthusiastic support was 
the best aid in carrying out this investigation. 


a 











DEAF MUTE BOYS 315 


LITERATURE CITED 


Asprn, A. A. 1949 Tables for use in comparisons whose accuracy involves two 
variances, separately estimated. Biometrika, 36: 290-293. 

Futton, J. F. 1949 Physiology of the Nervous System. 3rd. ed., New York. 

Kouara, Y. 1954 The motor performance of a rural population in Japan, 
Zinruigaku Zassi (in Japanese), 63: 128-141. 

Tomita, K. 1917 Left- and Right-handedness (in Japanese). Tokyo. 

Yamacucni, B. 1955 Physical peculiarities of deaf-mute boys. Unpublished 
M.S. dissertation (in Japanese). Department of Anthropology, Tokyo 
University. 














— 





THE RELATIONSHIP BETWEEN THE OCCUPA- 
TIONAL STATUS OF INDIVIDUALS AND THE 
SEX RATIO OF THEIR OFFSPRING * 


BY HARRIETT L. FANCHER 


Department of Zoology, University of Missouri, 
Columbia, Missouri 


T is generally believed that sex in man is chromosomally determined. 
| Cytological observations indicating the presence of two X-chromo- 
somes in the female and an XY and a Y chromosome in the male, as well 
as the typical inheritance of sex-linked characters, strongly support this 
view. The sporadic occurrence of pedigrees with unusual sex ratios or 
with abnormal sex types is ordinarily not considered to be contradiction 
to the above theory; such cases are, in fact, often explainable on the 
basis of simple V-} sex determination. 

Recently, however, Bernstein (’54) has proposed a new theory of 
sex determination for man. Based on the observation that males in 
“masculine” occupations have a higher percentage of male offspring 
than do those in “feminine” occupations, it is postulated that there 
exist genes for masculinity and femininity, a preponderance of one type 
over the other in an individual expressing itself phenotypically in the 
choice of occupation of that individual, on the one hand, and in the 
sex ratio of his offspring, on the other hand. Because the existence of 
such factors, acting either independently of an X-Y sex-determining 
system, or in conjunction with it, would provide a new insight into 
problems of sex determination in man, it was decided to make a study 
of the sexes of the children of parents in different occupations to ascer- 
tain whether the original observations that sex ratio of offspring was 
correlated with occupational status could be repeated. 


* This work was supported by a grant, G-1671, from the National Science 
Foundation to the Rocky Mountain Biological Laboratory. 
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FATHER’S EFFECT ON SEX RATIO 


a. Method. The 1954 edition of Who’s Who in America provided 
the basic data for this analysis. A tabulation was made of the sexes 
of children, in the order in which they were given, for the occupational 
groups listed below. The names of the children were taken as indicative 
of their sex. This procedure, which, unfortunately, is the only feasible 
one, must be subject to some error since masculine names may be given 
to girls and vice versa. In those instances where an ambiguous name 
(Marian, Lynn, Jean) or an uncommon one (Zola, Leunis, Chlotele) 
made allocation to one sex difficult or impossible, the sibship in which 
it occurred was excluded from the tabulations. The frequency of such 
eases was about one in two hundred, the proportions removed from each 


occupational class being approximately equal. 


b. Classification of Occupations. The relative masculinity of indi- 
viduals in the occupations studied was arbitrarily taken as that given in 
the study of Terman (°36). The groups designated as masculine were: 
engineers (architects), bankers, business (manufacturers, salesmen), 
lawyers (judges); the groups designated as neutral were: teachers (pro- 
fessors, scientific workers, college executives), doctors (dentists, psychia- 
trists, etc.) ; and the groups designated as feminine were: authors (artists, 
musicians, editors), and clergy. In any case where an individual could 
not be assigned to one of the above groups (as, for instance, an under- 
taker who might be considered a businessman, and therefore masculine, 
a professional worker, and therefore neutral, or an artist, and therefore 


feminine), his progeny were excluded from the tabulations. 
Results. Table 1 gives the sex ratios for the various occupa- 
tional groups. .A Chi-square test for heterogeneity reveals no significant 


differences from expectation, either when the values are considered 
individually (0.2 > P > 0.1) or when they are grouped into masculine, 
neutral, and feminine classes (P > 0.3). Not only do the data fail to 
substantiate the previously described correlation of masculinity of the 
father with sex ratio, but there is not even a trend in that direction, 
despite the fact that the total numbers here (49,600) are considerably 
larger than those of the earlier studies cited above (8,400). 

It is of considerable interest to point out here the rather remarkable 


agreement between the overall sex ratio arrived at by this method, .5194, 


and that obtained from birth data from the Bureau of Vital Statistics. 
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.5142. This serves to validate the method and suggests that errors jn 
classifying the sex of children by their names must be rather infrequent 


and largely compensatory. 
TABLE 1 


Sex ratios for various occupational groups 


OCCUPATIONAI TOTAL NUMBER TOTAL NUMBER 
GROUP OF BOYS OF GIRLS SEX RATIO 


Masculine 


Law 1624 1550 512 
Business 4106 3757 523 
Bankers 1736 1684 508 
Engineers 2199 1937 531 

Total 9665 8928 520 


Neutral 


Teachers 8923 8373 516 
Doctors 9405 919] 524 
Total 11328 10564 517 


Feminine 


Authors 3008 2654 531 

Clergy 779 1709 511 

Total 4787 4363 523 

Overall Total 25780 23855 519 
MOTHER'S EFFECT ON SEX RATIO 


a. Method. The source of the data here was Who’s Who among 
American Women, 1939 edition. The considerations mentioned above 


offspring apply here also. 


with respect to the classification of the sex of 


b. Classification of Occupation. Women were classified as masculine 
or feminine according to Terman’s rating of their occupational group. 
The groups classified as masculine were: scientists, business women, 


lawyers, lecturers, educational executives, ete. The groups classified as 


i 


feminine were artists, authors, teachers, ete. Excluded from considera- 


tion was the large group of clubwomen, since the decision as to the 


relative masculinity of their field of interest (as, for instance, polities 


i 


versus flower arranging) could be highly subjective. 


— 
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In most cases, the biographical sketch included the occupation of the 
husband so that he, also, could be classified as in the preceding study. 
c. Results. Tabl 2 gives the sex distribution of offspring of women 


TABLE 2 


Sex distribution of offspring of women classified as 
masculine or feminine 


TOTAL NUMBER TOTAL NUMBER 


OF BOYS OF GIRLS SEX RATIO 
Masculine 622 640 493 


Feminine 726 643 .530 
classified as masculine or feminine. There is no significant difference 
between the two groups; a Chi-square test gives a P value between .10 
and .05. In any case, the direction of the deviation is opposite to that 
predicted by the hypothesis of masculinity and femininity factors. 

For that smaller number of cases, where the classification of the 
male parent was also possible, the breakdown is given in table 3. Here 


TABLE 3 


Sex ratios for masculine, feminine, and neutral breakdowns 
of husband’s occupation in “ Womens Who’s Who” 


TOTAL NUMBER TOTAL NUMBER 


OF BOYS OF GIRLS SEX RATIO 
Masculine 644 613 512 
Neutral 426 429 498 
Feminine 278 241 536 
Total 1348 1283 512 


again, the deviations in sex ratio of the three categories of males are 
not significantly different from the expectation based on the overall 
mean (0.5 >P> 0.3). 


DISTRIBUTION OF THE SEXES WITHIN FAMILIES 


a. Method. Because the sex of each child was recorded in the order 
in which the children were named in the biographies, it was possible to 
enumerate the frequencies with which the different distributions occurred. 
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They are given in table 4. The letter B represents a male birth, G g 
female birth, with their sequence indicating the order in which they 
are listed. (Excluded from this table are the single child familes of 
which there were 2259 with one boy and 2211 with one girl.) 

Two deviations from expectation are obvious in the raw data, and 
prove to be significant when tested statistically. The first is the 
deficiency of like-sexed sibships in families of two, and the second js 
the excess, in families of three, of cases where the first two children 


TABLE 4 


Distribution of children in families of size two through four 


SEX OF FIRST TWO CHILDREN BB BG GB GG 


Number of two-child families 2006 2161 2012 1715 
Sex of third child in B 771 597 976 648 
three-child families G 723 555 522 666 
Sex of third and fourth BB 177 143 138 133 
children in four-child BG 161 117 116 127 
families GB 123 132 124 127 
GG 148 143 107 125 


Sexes of the first two 
children in families of 4109 3848 3595 3541 
sizes two to four 
are like-sexed. It may be surmised, as has been done by previous 
workers, that parents with two children of like sex are more likely to 
have a third child than are those with one of each sex. 

To differentiate between this hypothesis and the possibility that 
there is a non-random distribution of sexes in the first two children, 
it is necessary first to determine whether the distribution of the sexes 
of the first two children in all families agrees with the expectation. 
A simple binomial distribution of the form p?-+ 2pq-+ q? may not 
provide the appropriate expectations because the sex ratio is not the 
same for the first and second children. It is, however, possible to derive 
the sex ratios for the successive children from the data themselves, 
allowing for the insertion of this information into the expectations by 
decreasing the degrees of freedom in the statistical analysis. Thus, from 
table 4, the sex ratio of the first child is (4109 + 3848) /15093 and for 
the second (4109 +- 3595) /15093, or .5272 and .5104, respectively. The 
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expectations for the BB, BG, GB, and GG@ combinations then become 
(5272) (.5104), (.5272) (4896), (.4728) (.5104) and (.4728) (.4896), 
respectively. Multiplied by the total of 15093, these give expectations 
each of which differs from the corresponding observation by only 47.5, 
leading to a Chi-square value of 2.40 which, with one degree of freedom, 
corresponds to a P value between 0.2 and 0.1. 

There is a slight (not significant) deviation in the direction of an 
excess of BB and GG combinations. There is one obvious source of this 
deviation : the occurrence of monozygotic twinning. Since the frequency 
of this type of twinning for the United States population is about three 
per 1000 (Enders and Stern, 748), it can be estimated that about 45 
such cases should have occurred in the sample under consideration. 
Apportioning those among the BB and GG classes according to the sex 
ratio of the first birth (.5272) gives 24 BB and 21 GG twin pairs. The 
Chi-square analysis of the revised totals obtained by subtracting the 
estimate of the twins from the totals gives a P value between 0.3 and 0.2. 


CONCLUSIONS 


It has not been possible to confirm the observations of Bernstein 
that males and females in occupations classified as “masculine” have 


“ 


more male offspring than those in “ feminine” occupations. The number 
of males in the analysis presented here has been about 6 times as large 
as that of the earlier work. No suggestion can be offered to account for 
the disagreement of the two analyses. In view of this lack of confirma- 
tion of an effect of masculinity on sex ratio, it would appear appropriate 
to retain, for the present at least, the concept of an Y-Y sex-determining 
mechanism in man, without the influence of additional genetic factors. 

As in previous studies, there appears to be a pronounced deficiency 
of like-sexed sibships of size two, and an excess over expectation of 
families of greater size in which the first two children are like-sexed. 
This is undoubtedly correctly interpreted as a greater tendency for 
parents with two children of like sex to have an additional offspring 
than for those with one child of each sex. However, when all families 
up to and including size four are taken together, there is no evidence 
that the distribution of the first two children is anything but random. 
This does not agree with the conclusions of Bernstein (52), whose data 
indicated a non-random distribution of the two sexes in the first two 
children of families of all sizes. However. the calculation of the expec- 
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tations in that work was based on the binomial distribution, which 
introduces a source of error because the sex ratios for the first and 
second children are different and, further, the simple correction for 
twinning was not made. In any case, the sample size here is about 
twice as great and should have revealed any tendency for unisexual 
sibships to occur if they are, in fact, so frequent as to be obvious in 
smaller samples. 
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A DEMOGRAPHIC STUDY OF A DINKA VILLAGE 


BY D. F. ROBERTS 
Anthropology Laboratory, Department of Human Anatomy, 
University Museum, Oxford 


MONG the Dinka tribes of the southern Sudan living to the north 
A of Malakal, sometimes referred to collectively by the name 
Padang, the permanent wet-season villages are nucleated and concentric 
in pattern. The villages, with their patches of cultivation nearby, are 
separated from each other by usually a few miles of open grass and 
occasional scrub. Though infrequent isolated homesteads do occur, the 
village is the basic territorial and political unit; neighbouring villages 
are grouped into tribal segments, and several such form a tribe, occu- 
pying a continuous territory, whose members formerly united for military 
purposes in cases of intertribal disputes. The settlement pattern thus 
differs from that characteristic of other Dinka, amongst whom the home- 
steads comprising a village are spread out over a large area, while the 
territorial organization is in essence similar. 

Interwoven into this territorial pattern is the clan and lineage system 
of the northern Dinka. Every man is considered as a member of a 
lineage tracing descent (though incompletely) from a particular legen- 
dary ancestor; these ancestors are regarded as the decendants of others 
further back in time until the original founder of the tribe is reached. 
Hence, the various lineages are aranged in groups of increasing inclu- 
siveness from the smallest category specifically named, the gol, up to 
the maximum grouping of the hierarchy, which corresponds to the 
political entity of the tribe. The diagram (figure 1) illustrates the 
system as it obtains among the Ageir Dinka. With each din a group 
of villages is associated, each village being primarily the residence of 
one or more gols or sometimes part of a gol. This is not to say that all 
members of a gol reside in a particular village, but that the majority 
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of them do. ‘Thus, gol Pagak is concentrated primarily at the village 
Pagwot, gol Daknyang at the village of Lek. The lineages play an 
extremely important part in Dinka life; the personal relationships of 
individuals, the arrangement of dwelling houses (see figure 2), the 
grazing of cattle, and numerous other matters are to some extent influ- 
enced by the lineage structure. From the demographic point of view, 
one of its most important functions is in its regulation of the breeding 
pattern. Marriage is prohibited within the gol, but is allowed within 
the din and higher categories, provided that the participants are not 
closely related on the female side: for example, in gol Daknyang a man 
of the Pangok lineage may not marry the daughter of one of Paluak or 
Pajoong lineage, but a man of gol Pakirbe may marry a girl whose father 
is of gol Payie provided that they are not close relatives on the maternal 
side. 

Of these and the several other modes of social groupings which go 
to make up the northern Dinka social structure, the village is the most 
practicable unit for demographic study. Both sexes and all ages are 
included and, with the existing settlement pattern, there is little difficulty 
in distinguishing its members. But the wet-season villages are by no 
means permanent. Apart from the membership changes due to birth 
and death, newcomers take up residence, established individuals move 
away—changes which are reflected in the building of new huts and 
destruction of old ones. Superimposed on these are the regular fluctua- 
tions, the seasonal movement of population between village site and dry- 
season cattle camp, the seasonal influx of Shilluk for grain, and the 
irregular short-period changes in the actual individuals to be seen in the 
village due to the veritable stream of visiting that occurs and to the 
various activities that necessitate an individual’s absence from his village. 
The aim of the present study is to describe the demographic state of a 
village at a particular time in the hope that some measure of the extent 
of such fluctuations may eventually be obtained. 

The village surveyed, Tir, lies some 100 miles N.E. of Malakal and 
21 miles E.N.E. of Melut, latitude 10°32’ N., longitude 32°29’ E. It is 
a vilage of din Rawan of the Abuya section of the Ageir tribe, and 
is the wet-season residence of two gols, Yirweng and Magwar. The 
following results refer to the demographic situation during the second 
week of January 1954, shortly before the move to the cattle-camp 
commenced. At this period the village, of about average size for the 
Ageir, consisted in its material aspects of 129 buildings, of which 5 
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were in various stages of construction, and two were destroyed during the 
week; 29 of these were byres, built as such, two were geus or shelters, 
9 small huts were used as kitchens, store houses, or quarters for sheep 
and goats, and there were 84 huts actually lived in by families. The 
hut plan is given in figure 2. In addition there were a number of less 
solid structures, chicken houses, granaries, and open folds, not indicated 
on the plan. 
METHOD 


To obtain any form of personal information from people such as the 
Dinka is by no means easy. A Dinka is to some extent distrustful of 
outsiders, of those of lighter skin colour since the memory of the slave 
raids in the time of the Mahdiya is still strong, of Europeans from 
their association with various less pleasant matters such as taxation, 
injections of cattle and government interference with the established 
pattern of Dinka behaviour. There is always the possibility of magic 
in any process not understood—such at least was the very outspoken 
vehement comment (especially on the part of the women and old men) 
on the drawing of the hut plan. But the main source of difficulty lies 
in the extreme independence of spirit of the individual, the product and 
the basis of the Dinka social pattern wherein self-reliance is at a pre- 
mium. A Dinka at home will do nothing unless he wants to, or unless 
the elders of his lineage persuade him. 

The use of question and answer on such matters as whether a man 
has children, the name of his wife or brother, or even quite frequently 
his own name, may therefore be expected to elicit, in those instances 
where a complete refusal to respond is not the outcome, frequently 
fictitious replies or at best partial answers. For the same reasons 
attempts at enumerating the occupants of huts meet with considerable 
opposition : nor would a census so conducted provide satisfactory results, 
for in the huts sleep only small children, unmarried girls, and the 
women and some of the husbands; older boys and unmarried men sleep 
in the byres, where are also to be found a proportion of the married 
men. The dead are not easily spoken of, rendering difficult any dis- 
cussion of mortality. The only satisfactory method of obtaining demo- 
graphic data is by direct observation, the basic technique of the field 
anthropologist who has much to contribute to demographic studies of 
primitive peoples. 

The last was the method employed. The first few weeks of residence 
in the village were occupied in getting to know the inhabitants by sight 
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and name. Only when all the adults and the majority of the children 
could be so identified, and the remainder of the children assigned tg 
their respective parents, were the inhabitants listed. Ages of children 
and about half the adults were estimated from their dental state, sup- 
plemented by reference to events remembered and, in the case of the 
males, to the formal age-set system; from comparison with these indi- 
viduals, the ages of the remainder could be assessed, supplemented by 
the evidence of their external appearance. ‘The method is laborious and 
time-consuming, but the results obtained may be regarded as being as 


accurate as possible in the circumstances. 
RESULTS 
The total population of the village at the period of survey was 375 
individuals. This figure does not include visitors to the village, but 


TABLE | 


ige structure and ratio of females per 100 males of the population, 


by assessed age 


AGE rOoTAL MALES FEMALES FEMALES PER 100 MALES 

0-4 71 33 38 | 

5-9 53 28 25 & 101.1 | 

i | > 98.2 

10-14 55 28 27 | | 

15-19 43 23 20 
20—29 60 29 31 

\. ‘Saga 

30-39 42 18 24 c = 
40-49 27 11 16 110.8 

ay ‘ » , » 118.5 

90—59 15 d 8 | 

. 121.7 

60—69 3 | 2 

70+ 6 4 2 
Total 375 182 193 106.0 


includes those individuals regarded as members of the village who were 
temporarily absent visiting or on other matters. Expressed on the basis 
of heads per hut, there were averages of 3.02 individuals per complete 
structure, and 4.46 per living hut. 

The population consisted of 182 males and 193 females, giving an 
overall ratio of 106.0 females per 100 males. The age-composition is 
given in table 1, by 5-year age groups for the younger individuals, by 
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10-year groups for adults. The mean age of the community is 20, less 
if deaths within age groups are allowed for. Forty-eight per cent of 
the population is under 15, less than 2% over 65. Table 2 gives the 
age-structure of sections of the population, of the adult male population 
as classified by the age-sets, and of the children and unmarried young 
adults under 20 according to dental state. From the age-structure there 


TABLE 2 


Age structure of sections of the population by objective criteria 


MALES BY AGE-SETS 


Age set Age No. married No. unmarried 
Awaugor over about 70 4 
Tilik over about 60 1 --- 
Maniel over about 38 19 -—— 
Ajing young men 27 26 

boys 105 


CHILDREN AND UNMARRIED YOUNG ADULTS (UNDER 20) BY DENTAL STATE 


Dental state Males Females Total 
Incomplete deciduous dentition 16 18 34 
Complete deciduous dentition 20 21 41 
Some permanent dentition 39 33 72 
Complete permanent dentition 

except for third molars 34 29 63 
Complete permanent dentition 3 2 5 


is apparent a general tendency for increase of the ratio of females to 
males with age. For children under 15 years of age it is 101, for sub- 
adults and adults of 15 and over but under 50 it is 112, for adults of 40 
and over it is 122. 

The conjugal condition of the population is shown in table 3. 
“Those occupied in leviratic unions” refers only to those couples in 
which the sexual aspects of the levirate (as distinct from the social 
aspects, the assumption by the male or legal responsibility for his 
brother’s widow) are being realized. The first division of the table 
gives the present breeding population of the village. In the second 
division, referring to those who were formerly members of the breeding 
population, “widowed” is used for want of a better term; the married 
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elder brother of the man in question died without issue, the younger 
brother (Gor) inherited the wife and of this union a son was born, after 
which the woman died; Gor therefore is here considered as a former 
member of the breeding population. Of the widows, at least 8 had lost 


their husbands within the last three years. Table 4 shows the state of 


TABLE 3 
Conjugal condition of the population 


BREEDING 


POPULATION MALES FEMALES 
Present Married and those occupied Married and those occupied 
in leviratic unions 47 in leviratic unions 55 
Married with husbands in 
other villages 6 
Past Widowers and those “ wi- 
dowed ” by decease of Widows 28 
leviratic partner 4 
Divorced ] 
Unmarried 131 103 
Total 182 193 
TABLE 4 
Polygamy state 
Married men with 1] wife in the village 40 
Married men with 2 wives in the village 6 
Married men with 3 wives in the village l 


polygamy within the village, but does not include those men who kept 
one wife in Tir and another elsewhere. Table 5 shows the marital state 
by age. Whereas two-thirds of the men in their twenties are unmarried, 
all girls are married by this age, and the figures suggest that the average 
age of first marriage for men is about 27 and for girls about 18. The 
percentage of widows to each age-group of the female population increases 
steadily with age, from 13% at 20-29, 44% at 40-49, to 100% at over 
60. Asterisks indicate the situation in the age structure of the males 
with more than one wife in the village; the restriction of this practice 
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to the older age-groups is obvious. Some others of the middle-aged 
men are also polygamous, their second wife living elsewhere ; this distribu- 
tion of wives accounts for 5 of the 6 women in table 3 whose husbands 
live in other villages (the sixth woman was newly married and had not 
yet gone to her husband’s village). 

The extent of the network of the marital links between Tir and 
other Dinka villages is shown in table 6 for a sample representing 


TABLE 6 


Marriage pattern observed in the village, by birthplace and clan of the spouses, 
of the present generation compared with that of the previous generation 


PRESENT PREVIOUS 


MARRIAGES GENERATION GENERATION 
Within Tir 3 3 
Tir with Pagwot 3 2 
Within din Rawan 6 5 
Tir with Rom villages z 0 
Tir with Nyakwei villages ] 2 
Between dins within wut Abuya 8 2 
Total within wut Abuya 14 7 
Tir with Ageir villages 16 12 
Tir with Niel villages 8 0 
Tir with Beir villages 2 l 
Pagwot with Ageir and Niel villages * 2 ] 
Between wuts within tribe Ageir 28 14 
Total within tribe Ageir 42 21 
Tir with villages of tribe Dunjol 2 0 
Tir with villages of tribe Abialang 6 6 
Tribe Ageir with villages of tribe Abialang * l l 
Between tribes of Padang Dinka 9 7 
Total within Padang Dinka 51 28 
Tir with other Dinka tribes 0 
Tir with Nuer 0 2 
Total sample 51 30 


* Resident in Tir. 
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existing unions and survivors of unions; to these the column “ present 
generation’ refers, while the column “previous generation” refers to 
informants’ parents now deceased. Numbers are too few for any signifi- 
cance to be attached to the individual entries, but the totals “within 
> and “within Padang Dinka,” show 
that there has been little change in the marriage pattern between the 


wut Abuya,” “within tribe Ageir’ , 


two generations. Table 7 compares these totals for the present genera- 


TABLE 7 


Marriage pattern of Tir compared with that of other Ageir Dinka—present 


generation 





TIR OTHER AGEIR DINKA 





Total within din 6 5 
Total within wut 14 15 
Total within tribe 42 46 
Total within Padang Dinka 51 58 
Padang Dinka with other Dinka —- —- 
Padang Dinka with other peoples -— l 

Total sample 51 59 


tion of Tir with those obtained for a sample of 59 present generation 
matings noted in other villages of each of the four sections of tribe Ageir. 
The marriage pattern is very similar in the two samples, and Tir appears 
to be representative of the Ageir in this respect. 

Data relating to reproduction are given in tables 8-11. That fertility 


TABLE 8 


Fertility ratio (children under five per 100 women aged 15-49) compared with 
ratios for some other populations 


Tir 78.0 


Algeria Moslems (1948)? 63.1 
United States (1950)? 42. 
Hutterites (1948)? 96.9 


Papago (1952)? 51.7 








United Nations Demographic Yearbook (’51) 
* Eaton and Mayer (’53) 


* Jones (’53) 
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TABLE 9 


Offspring per female member of breeding population, present and past, 


by age-groups 


AVERAGE NO. OF OFF- 


MATERNAL NO. OF AVERAGE NO. OF SPRING REMAINING IN 

AGE FEMALES SURVIVING OFFSPRING VILLAGE 
15-19 7 14 14 

20-29 31 1.94 1.94 

30-39 24 3.79 3.50 

40—49 16 3.69 * 3.44 

50-59 S 3.36 ° 1.88 

60+ 4 2325 * 2.00 


* These figures are probably underestimates on account of omission of some of 


the offspring married away from Tir. 


TABLE 10 


Vumber of live births per woman 


NO. OF TOTAL NO. AVERAGE NO. OF 
MOTHERS OF LIVE BIRTHS LIVE BIRTHS 

Number of live births for 8 women 

aged 40-50 S 43 5.38 
Number of sibs remembered by 20 
males whose mothers attained late 

adulthood 20 101 5.05 

Total 28 144 5.14 


TABLE 11 


Surviving family size * 
NU MBER OF OFFSPRING NUMBER OF 
SURVIVING WOMEN 
0 1] 
] 16 
- 9 
3 21 
4 23 
5 9 
6 l 


* Some offspring married away from Tir may have been omitted from this table. 
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is high but not unusually so is shown by the fertility ratios in table 8. 
Of the married women without children, there was only one woman 
who was not described as newly married; she was divorced. There were 
two pairs of twins among the children under 15, giving a rate of 
multiple births (assuming no differential mortality) of 1 in 88.5. Table 
9 provides satisfactory fertility information only for the first three age- 
groups, as at maternal ages of 40 and above the number of offspring 
married away from Tir increases. While both these tables represent 
surviving offspring, table 10 records the numbers of live births for a 
small sample of women who have almost or actually attained the end 
of their reproductive span; the last may be less reliable, since the 
information was obtained during discussions with individuals, with the 


TABLE 12 


Child mortality in a sample of 34 women 


NO. OF TOTAI DEAD AS 


MATERNAL AGE WOMEN CHILDREN BORN NO. SURVIVING NO.DEAD % OF TOTAL 
15-19 3 l l 0 0 
0-29 12 26 25 l 3.8 
30-39 1] 49 42 7 14.3 
40-49 8 43 30 13 30.2 


attendant risks of concealment and forgetfulness on the part of the 
informants. However, the two estimates, one of children born and the 
other of brothers and sisters remembered, are very close. Table 11 is 
of interest, despite its deficiency in reliability on account of the probable 
omission of some offspring married away from Tir, on several counts. 
It demonstrates the rarity of occurrence of a woman with more than 
5 children surviving ; a fairly high modal family size ; and a low incidence 
of small families—such as there are include one widow of over 60 with 
no surviving children, and 5 women over 45 with but one surviving 
child each. 

The information concerning mortality given in tables 12 and 13 was, 
like table 10, again derived from questioning, and may again be biased. 
However, in the majority of instances answers were checked and rechecked 
against those obtained on other occasions and from relatives of the 
informants. Error, in that the number of children born (table 12) and 
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the number of sibs who reached adulthood (table 13) may be under- 


estimated, is in one direction, and accordingly the final columns of 
both tables are to be regarded as minimal estimates. 


TABLE 13 


Adult mortality as estimated from a sample of 19 individuals 


TOTAL NUMBER OF 
SIBS WHO NO. OF NO. OF Yo OF 
HAVE REACHED ADULTS SIBS SIBS 
ADULTHOOD SURVIVING DYING AFTER DYING AFTER 


INFORMANT’S NO. OF (INCLUDING (INCLUDING REACHING REACHING 
AGE INFORMANTS INFORMANT) INFORMANT) ADULTHOOD ADULTHOOD 
20-29 5 16 14 2 12.5 
30-39 7 29 23 6 20.7 
40-49 7 31 17 14 45.2 
50-59 2 1] 6 5 45.5 


TABLE 14 


Effective population size, variance of random genetic drift, admixture rate, and 


average inbreeding coefficient in the village, primary section, and tribe 


rir ABUYA SECTION AGEIR TRIBE 
Total population 375 1300 13400 
Effective population size (\,) 109 380 3913 
Random drift per generation 
(o74,) (where q OD) 001146 .0003292 .00003195 
Admixture rate (m) 50 35 ll 
N,m 5d 133 430 
Average inbreeding coefficient (F') 00153 .00096 00049 
DISCUSSION 


The demographic pattern. 


In 1955 the first attempt at a census in the Sudan was made with 
results yet unpublished, and there is little other demographic informa- 
tion available for comparative purposes. Such comparisons with other 
African data as are made during the course of this discussion are for 
purposes of illustration only and are not intended to be comprehensive. 
Further African data will be found in Kuezynski’s compilations. In 
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situations where direct census is difficult, an indirect method such as 
estimation from the number of huts may give a more reliable indication 
of the size of the total population. Provided that a series of samples, 
such as the present, is available to enable the estimate to be made there 
seems no reason why a tribal count should not be obtained even from 
air photographs. The second figure given (heads per living hut) would 
be more useful for such an estimate, since the number of individuals 
per complete structure is affected by the cattle wealth of the population. 
The average of 4.46 observed here should not necessarily be taken as 
indicating overcrowded unhealthy conditions; the greater part of the 
daytime life is lived out of doors, and at night the older boys and some 
of the married men sleep in the byres, while older children in a large 
family may sleep in other huts with relatives and friends. The interiors 
of the huts are clean and sufficiently spacious for their purpose, and 
there is many a civilized family in urban Britain with more cramped 
and less healthy sleeping quarters. 

The village is small, and accordingly too much stress should not be 
laid on the individual figures, but rather on the general trends they 
demonstrate. 

Although the total ratio of females per 100 males of the village is 
rather high by comparison with the tribal ratios from 1948 census data 
of southern Nilotes (Kenya Luo 101.4, Uganda Lango and Acholi respec- 
tively 101.8 and 102.6), it is by no means an improbable figure; for 
instance the provisional ratio in England and Wales at the 1951 census 
was 108.1. Increase of the ratio of females to males with age is a 
normal phenomenon, reflecting the more hazardous pursuits of the male 
sex. 

The ages of individuals are of course estimates, and the possibility 
of some error should not be overlooked. Nevertheless there is no doubt 
of the agedness of the eldest individuals. Abukjok and Nyikang, 
members of Awaugor age-set, were adult men at the time of the 
Mahdiya, which, since the battle of Omdurman occurred in 1898, makes 
them at least 70 years of age; Akok, a member of Maniel age-set, was 
brought to Tir by his father at that time, which makes him at least 55. 
The age structure of the village demonstrates either that the community 
is expanding, or that there is high mortality throughout the population 
amounting to a steady loss of one-third of the population in each 10- 
year age-group; that is to say that of every 45 individuals who are 
now 20 years old, only 30 will attain the age of 30 years, and of these 
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only 20 will reach the age of 40 years. The age-sets in table 2 vary in 
chronological length; the appropriate ritual authority decides when jt 
is time to cut the age-set and inaugurate a new one, and a change of 
set also occurs at his death. Since a young man takes the name of 
the set when he proves himself worthy (formerly in the fight, today by 
killing a wild animal in the hunt), no lower age limit can be given; 
several boys of 17 and 18 were already included. 

The sex difference in average age of marriage, deduced from table 5, 
is of interest. A number of men marry later in life than they wish 
because of the need to obtain cattle for the bridewealth and because 
marriage of brothers occurs in strict order of age. A third son, for 
example, has to wait until sufficient cattle have been accumulated to 
marry off his two elder brothers before his own claims may be considered, 
no matter how hard he works in the meanwhile. The most striking 
aspect of the demographie situation is the high proportion of widows, 
Considerable attention was given to these individuals as soon as it was 
realized that their number was large, and there is no doubt that those 
recorded as widows were indeed truly so. The 8 recently widowed 
referred to above were all under 40, and some at least of these younger 
widows would subsequently come to be leviratically “ occupied ” sexually, 
and so re-enter the breeding population. Some of the older ones had 
indeed produced children to the husband by his kin after his death, but 
were no longer thus leviratically “occupied.” Whether such a high 
excess of widows is usual or not is difficult to determine. The actual 
number is similar to the number of unmarried men between the mean 
ages of marriage of male and female,—in other words, given such a 


h sex and polygamy ratios, the difference in 


mortality pattern with sue 
mean age of marriage between the sexes may be expected to lead to the 
regular occurrence of this proportion of widows. On the other hand, 
the phenomenon may be of a temporary nature on account of some 
temporary elevation of the relative number of females. In the two pre- 
ceding years Tir had been involved in serious kala azar epidemics which 
swept the area; the village could almost be described as being in a 
to mourning, for no adult dances were being held 
on account of the many deaths that had occurred; and it may be, though 


there is yet little evidence for it, that there is differential mortality 


condition equivalent 


between the sexes in kala azar. Alternatively, some males may have 
left the village, for example, for work or to settle. 


Mortality is high by European standards. The age-structure suggests, 
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if the population size be static, that there is a steady loss of about one- 
third of the existing population every 10 years. The information on 
child mortality (table 12) gives a slightly lower but compatible estimate ; 
the estimate of adult mortality (table 13) is rather lower, though the 
weaknesses of the data in these two tables should be remembered in 
making the comparison. It appears that by the time the average woman 
is 50, she has lost at least one-third of her children, and about a half 
of those among her brothers and sisters who succeeded in reaching 
adulthood, besides those who died before doing so; she has also very 
probably lost her husband. Whereas a widower at this age would take 
another wife, to a widow would be left only the prospect of increasing 
loneliness, were it not for the close-knit ties of kinship and the practice 
of living by the side of relatives. She still has a function to perform 
in the community; she will assist her surviving daughters to rear their 
families, some of her grandchildren will sleep in her hut—she may at 
this age find herself with another family to rear, that of a deceased 
daughter; and, using her tongue to good advantage. she will restrain 
the younger members of the community from straying from the estab- 
lished path of customary procedure. 

By African tribal standards, however, the mortality is less depressing. 
It appears to be lighter than in a Nyasaland Bantu sample (Atonga), 
where 156 women under 25 are reported as having lost 26% of their 
children, 201 women of 25-35 had lost 39%, and 115 women over 35 
had lost 54% (Nyasaland Medical Report, *36). Another Nyasaland 
general sample of 2,159 wives “not likely to have any further children 
but... not so old as to have forgotten the details” had lost 44% of 
their offspring (Nyasaland Census Report, ’26). A sample from Kibe- 
rege, Tanganyika, showed that women aged 30-50 had lost 52.8% of 
their children, and women over 50, 53.5% (Culwick and Culwick, ’39). 
In the Sudan, for 67 Azande women past childbearing only 70% of their 
children had reached adulthood or were still surviving, 94 women aged 
over 30 but who had not yet reached menopause had lost 32%, and 87 
under 30 had lost 22% ; 39 Balanda women of the second age-group had 
lost 22% and 40 women under 30 had lost 30% (Culwick, 750). In East 


Africa, Richards and Reining (’54) noted child mortality (0-15 years) 


a+ 29 F¢ 
ai 


33.5% and 27.9% respectively among the Haya and Baganda. From 
this brief comparison with some of the limited data available for Africans, 
it appears that although the incidence of deaths among offspring reported 
by older women in several samples is not dissimilar to that among the 
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Dinka, child mortality reported by the younger maternal age-groups is 
less severe among the Dinka. If this is indeed so, a contributory explana- 
tion should perhaps be sought in such phenomena as the communal 
obligations to supply milk to neighbours with children but with no 
lactating cows, and to lend a cow to kin in such a position; and to the 
way in which children receive preference in the allocation of some foods, 
especially milk and eggs. 

The evidence regarding fertility is, like the mortality data, indirect, 
but some indication may be obtained from tables 8-11. The frequency 
of multiple births appears to be similar to that found in Europeans, 
and much lower than the average of 1 in 51 obtained by Jeffreys (’53) 
in his survey of African twin data. Comparison is not straightforward, 
since the incidence of multiple births is usually referred to the actual 
number of births, whereas the Dinka figure relates the survivors of twin 
births to those of single births. Since heavier mortality may be asso- 
ciated with multipl. births, the Dinka figure is not incompatible with 
Jeffreys’ estimate. On the other hand, Jeffreys based his estimate largely 
on hospital records; it may be that in the small percentage of African 
births which occur in hospitals a larger proportion of the more difficult 
cases are represented, while less difficult births may be completed at 
home, so that the general average of 1 in 51 is possibly an overestimate, 

High fertility is frequently regarded as a characteristic of primitive 
populations, though over 30 years ago Carr-Saunders pointed out that 
family size in fact tended to be small in primitive human groups. While 
the samples from which table 10 is compiled are small and the informa- 
tion may possibly be biased, the average of 5.1 live births per woman 
during her reproductive period indicates that fertility is fairly but not 
excessively high and certainly does not approach the biological limits; 
compare for instance the average of 10.3 for Hutterite women in the 
United States (Eaton and Mayer, 53). The Dinka average accords well 
with other African data. In a sample of 134 Basuto women married 
more than 16 years an average of 5.60 live offspring per head was obtained 
(Basutoland Medical Report, ’26). In Nyasaland 21 samples of women 
past childbearing gave averages varying from 4.6 to 8.0, with a general 
average for the whole 2,159 women of 5.64 (Nyasaland Census Report, 26). 
The average number of live births per head in a Bechuana sample of 593 
women over 50 was 5.4 (Schapera, 54), the same figure as that reported 
fora smaller sample of 184 Kgatla women past the menopause (Schapera, 
39). A small Sukuma sample of 39 women married more than 15 years 
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had produced an average of 4.7 offspring (Tanner, ’54), while the average 
for Haya and Baganda women over 45 lies between 4 and 5 (Richards 
and Reining, 54). Zande women past childbearing, 67 in number, gave 
an average of 5.6 live births per head, while 17 Balanda averaged 5.0 
births (Culwick, 50). The Dinka average is markedly affected by the 
spacing of children, regarded as socially desirable. The spacing benefits 
the health of the mother, while the fact that all women are married and 
a very high proportion of them produce children (perhaps the main 
aim of Dinka marriage) means that the burden of ensuring the biological 
continuity of the community is spread as widely as possible. 

The other evidence regarding fertility presented in tables 8, 9, and 
11 refers to surviving offspring, and hence is the outcome of the balance 
between fertility and mortality. The fertility ratio, despite its statis- 
tical shortcomings, again demonstrates that fertility is fairly high. The 
average number of offspring per woman by maternal age-groups (table 9) 
throws some light on the spacing of births, and makes interesting com- 
parison with some other African samples, though differences in methods 
of age assessment should be remembered. In the Basuto sample 210 
women married less than 8 years had produced an average of 1.43 off- 
spring, while 175 women married 8-16 years had produced 3.33 (Basuto- 
land Medical Report, ’26). Kavirondo women, 2,591 in number, with a 
mean age of about 26 had produced an average of 3.03 offspring (Kenya 
Medical Report, ’22). Atonga women under 20 had produced 1.61 
children, those aged 20-25 averaged 2.44, those aged 25-35 averaged 3.99 
(Nyasaland Medical Report, 36). Kiberege women under 20 averaged 
0.92 births, those aged 20-30, 1.99 and those aged 30-50, 2.49 offspring 
(Culwick and Culwick, 388). Haya and Baganda women aged 35-44 
averaged respectively 2.8 and 3.8 live births (Richards and Reining, 754). 
Azande and Balanda women under 30 averaged respectively 0.9 and 1.7 
births, while those over 30 but still capable of reproducing averaged 2.2 
and 4.6 births (Culwick, 50). When the lower age-groups of the Dinka 
sample are adjusted for mortality (by means of table 12), the distribu- 
tion of births appears to be similar to that found among the Basuto; 
the youngest Dinka wives are not overburdened with too many births 
as compared, for instance, with the Atonga and Kiberege samples, while 
the Dinka women aged 30-50 are clearly distinguished by their greater 
number of offspring from the samples of Kiberege, Haya, Baganda, and 
Azande. 

Whether the population is numerically static is difficult to decide. 
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Four lines of evidence may be compared, namely the age structure of 
the village (table 1), the number of live births per woman (table 10), 
the offspring per female by maternal age-groups (table 9) and the mor- 
tality data (tables 12 and 13). The age structure of the village suggests 
that either the population is stable with a heavy mortality, or that 
mortality is lower and the population expanding ; the maximum mortality 
would represent a loss of about one-third every 10 years, which would 
require, to maintain a numerically stable population, rather less than 
3 births per breeding woman every 10 years. Such a reproductive rate 
is compatible with the evidence in tables 9 and 10. However, the 
information relating to child deaths suggests a slightly lower wastage, 
and that for adult deaths indicates a rather lower mortality; it may 
therefore be concluded that the population is in fact expanding. 


Here then is the general demographic pattern to be perceived in 
this Dinka village: a low average age, a high proportion of children, 
arising from a fairly high fertility and a conjugal situation in which 
all women (and all men after a somewhat later age) are married and 
very few fail to reproduce. Reproduction of the community is shared 
by the maximum number of women and is spread over the whole of 
their reproductive span. Some polygamy and the practice of the levirate 
offset to some extent the fairly high ratio of females to males, but not 
sufficiently so as to absorb the high proportion of widows, a likely result 
of the age difference between the sexes at time of marriage. Mortality 
is fairly high, though not excessive by African tribal standards, and its 
failure to balance the fertility results in a situation of population 


increase. 


Some Genetic Considerations. 


From the data given in tables 6 and 7? concerning the marriage 


pattern, some attempt can be made to assess the extent of the biological 
intrabreeding population, 1. e., that group within which most of potential 
matings are to be found (as distinct from the demographic breeding 
population of the village those individuals who are rearing children 


and from whom in their present conjugal state further of 


ring are 


possible). The breeding ‘isolate’ is not the village. nor the din. nor 
the tribal section, since 94%, 90%, and 74% respectively of marriages 
occur outside these units. Nor does it appear to be the tribe (with 20% 


outside matings); the location of Tir not far from the geographical 


center of the Ageir tribe should be remembered in this context, for the 
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percentage of outside matings may perhaps be higher in the peripheral 
settlements of the tribe. It may well be the Padang Dinka as a whole, 
a wait comprising some 30,000 individuals (estimates quoted by Bryan 
and Tucker, ’48), for in the intertribal marriages few spouses came from 
the more proximate sections of the adjacent tribe. The absence of 
marriages with Shilluk, geographically quite close to the settlements 
sampled, reflects perhaps the importance of the linguistic barrier between 
the peoples, a preference in the present Dinka generation in forging 
links with other Dinka who possess common values, and the fact that 
the prestige of a woman is measured in terms of her bridewealth, which 
among the Shilluk is usually 10 head of cattle while among the Ageir 
it is usually 20; this is not to say that unions of Dinka/Shilluk do not 
occur, but they seem to be more frequent in Shilluk villages. 

Within the biological population of the Padang Dinka, if such it be, 
the extent of the territory occupied prevents the realization of panmictic 
mating over the whole area, as table 7 shows; a young man finds his 
wife-to-be by attending dances in other villages; and there is in practice 
some limit to the range he covers in so doing. Acting in the opposite 
direction, however, is the influence of the lineage system; the territorial 
localization of clans and lineages, with the prohibition on marriage 
within the gol and between individuals related on the distaff side, tends 
to direct mating further afield and away from the localities of the father’s 
and mother’s relations. The lineage system seems to suggest that the 
population is characterized by outbreeding. Occasionally a widow is 
leviratically occupied by the son of her husband by another wife, though 
such a situation is infrequent enough to affect hardly at all the general 
outbreeding pattern. For many, however, the lineage is frequently not 
a true record of paternal descent, but is merely a convenient subdivision 
of the community—a peg on which to hang one’s activities and behaviour, 
so that outbreeding is perhaps less than might at first seem and the 
mating situation may not be far from random. Certainly for those 
blood groups where the heterozygote is phenotypically discernible there 
seems to be no increase of heterozygosity over that expected (Roberts, 
[kin, and Mourant, *55), though the sample is too small for this finding 
to be stressed. Average inbreeding coefficients for the population are 
given in table 14; these estimates are to be regarded as maximal since 
they are calculated on the assumption of random mating. 

The smaller the social unit, the greater is the frequency of marriages 
with outside units. The way in which this balance renders unlikely any 
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important random genetic drift may be illustrated if the demographic 
data from Tir are applied to the mating results obtained from the 
general sample of Ageir Dinka, in a similar manner to Lasker’s (’52) 
Mexican study. 
Random drift in a population per generation may be calculated as 
follows (Wright, *40 and elsewhere) : 
. g(1—q) 
a a 
where o*gq is the variance due to drift, g represents the gene frequency 
and N, the eifective population size. The effective population size (for 
a static population) is obtained: 
N.e=- bn st - usually rounded to an as ; 
(A —1)o*,+ 2N : Oo", + 2 
where N is the number of parents in the population and o*, is the 
variance in the number of gametes contributed to the next generation 
(Wright, *38 and personal communication). The effect of unequal 
numbers of male and female parents on the effective population size 
only becomes important if the inequality is extreme. In_ successive 


generations the variance is compounded, so that in generation g the 
, l oi 
variance (07,), is g(4l1—q)[1— (1— 5 y )9] (Wright, 742). 


Suppose the Padang Dinka were composed of a large number of local 
populations, each completely isolated from the others, of the same effec- 
tive size as Tir. For Tir, the number of adults is 170, of whom the 
number married is 140, and the number of parents (.V) is 124. The 
average family size * is 2.70 (table 11) with variance (o*,) 2.53, giving 


an effective population size (V,) of 109. For each such local population, 


*Here the gametic contribution by the parental population to the next 
generation (not easy to define on account of the overlapping of generations) is 
reckoned in terms of that of all the female parents of the village. That its mean 
and variance may actually be higher were all parents considered is shown by 
comparison of the actual contributions of the two sexes in those families where 
both parents remain alive and in the village: 


Gametic contribution to the surviving filial generation 


No. Mean Variance 
Males 45 2.98 4.61 
Females 53 2.45 2.90 


The relatively slight degree of polygamy found in this village clearly has a 
quite marked effect on the gametic contribution. 
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random drift per generation in the case of an initial gene frequency of 
0.5 would be (o*g,) .001146; the chances are therefore one in 50 that 
the gene frequency would change by more than + .079 (t.¢., + 2.330) 
in the subsequent generation, should there be no mutation, selection, or 
intermixture. Should the population remain completely isolated, by the 
30th generation the accumulated variance [ (o*,)g = .032] would be such 
that there is about one chance in 200 that an initial gene frequency 
of .5 would become 0 or 1. In other words, in an isolated population 
of this effective size, drift would be likely to have an important effect 
on the gene frequencies. 

Suppose, however, that such hypothetical isolated local populations 
were comparable in numbers with (a) the Abuya section and (b) the 
Ageir tribe, whose total numbers are estimated by Bryan and Tucker 
as 1300 and 13400 respectively. Applying the demographic data for 
Tir to these units, the effective population size, as shown in table 14, 
for wut Abuya is 380 and for tribe Ageir 3913. Random drift per 
generation (o7g,) and the accumulated variance [(o7,),] are consider- 
ably smaller, so that whereas for units the size of Tir the loss or fixation 
of a gene of initial frequency .5 attains the probability of one in 200 
after 30 generations, this probability is only reached after about 100 
generations for units the size of wut Abuya, and after about 1200 
generations for units the size of tribe Ageir. 

For isolated populations the size of the Ageir tribe random genetic 
drift is not likely to lead to rapid differentiation, though its effect would 
be more likely in populations the size of the Abuya section, and impor- 
tant in populations the size of Tir. In the Dinka, however, the units 
are by no means isolated. In 51 marriages in Tir, in three instances 
both spouses were from outside the village, and in 45 instances one 
spouse was born outside the village, giving an admixture rate of 50%. 
From villages of the Abuya section details of 77 present generation 
marriages were recorded ; in 24 instances both spouses came from within 
the wut, in 52 one spouse was from outside the wut, and in one case 
both partners were incomers, giving an admixture rate of 35%. For 
110 matings recorded in villages of tribe Ageir, in 20 cases one partner 
was from outside the tribe, and in two instances both spouses, the ad- 
mixture rates being 11%. 

Wright (’40, °43) has shown that differentiation due to drift, for a 
given gene frequency, depends upon the product of the effective popu- 
lation size and the migration rate (N,m, where m is the effective 
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proportion of a population replaced in each generation by migrants), 
For a gene frequency in the total poplation of .5, there is very great 
differentiation of local gene frequencies where N,m is less than 0.5; 
there is important differentiation where V,m is less than 5, but differ. 
entiation is slight if V.m is greater than 50. With the migration rates 
found for the village, section, and tribal units, it is clear that differ- 
entiation is slight in each (V,m being approximately 55, 133 and 430 
respectively). Were the tribal section to be characterized by the migra- 
tion rate found for the tribe, or the village by the rate found for the 
section, random drift would be more marked (V,m respectively 42 and 
38), and still more pronounced in village units were these to have a 
migation rate as low as that found for the tribe (V,m — 12). 

These calculations are at best estimates—for instance, village dem- 
ography may not in fact be representative of the tribal situation, and 
some adjustment should be made for the deduced expansion of the popu- 
lation—but they are considered to be sufficiently accurate to allow the 
general conclusion that, in the present generation of Dinka, the effect 
of random genetic drift on gene frequencies is not pronounced, whatever 
the population grouping taken as the unit. 

The mortality estimates, whether from the age structure or from 
the results of questioning, suggest that a large proportion of individuals 
born fail to attain adulthood—perhaps as much as 50%. Moreover, 
mortality between adulthood and the end of the reproductive period is 
high—again perhaps as much as 50%. So that not only is there a large 
proportion of individuals born who fail to contribute genetically to the 
next generation, but of those who do reproduce some have a longer 
period for so doing than others, which on acount of the spacing of births 
results in a differential contribution to the next generation. It is under 
these demographic conditions that the effectiveness of natural selection 
in man can be fully appreciated. 


Speculations on Demography and Social Institutions. 


It is in its demographic context that one function of the age-set 
system in a politically diffuse people such as the Dinka may perhaps 
be appreciated. Seligman regarded their age-set system as essentially 


of a military nature; in battle, however, it appears that grouping was 


usually on the basis of lineages and sections, and there would accord- 
ingly seem little reason to regard the Dinka age-sets as military units. 


Among the Dinka political action is taken after discussion among the 
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elders; government is by the experience of the elders; the older they 
are the more experience they have, and for the efficient functioning of 
the community experience is desirable. But the demographic pattern 
suggests that there is little chance of an individual achieving a ripe old 
age. It is therefore necessary to preserve those who are elderly and 
ensure some veneration for them. This the practices associated with 
the age-set system appear to achieve, e. g., the prohibition against fighting 
with a member of a senior age-set of the community, the eating and 
placing separately at feasts, the preferential allocation of parts of a 
sacrificed animal to the old. 

Excess of adult females over males calls for polygamy or promiscuity 
to utilize the full female reproductive potential, so necessary where 
mortality is high. Promiscuity as a regular mating pattern occurs in 
no known human society (Lowie, ’48), and indeed may well be incom- 
patible with the functioning of a human society, so that polygamy is 
the usual response to such a sex ratio in such a demographic situation. 
But marriage is more than a mating contract and is insured by the 
payment of bridewealth, which among the Dinka here discussed leads to 
later marriage for males—a delay which in no way impairs their 
capacity to reproduce, though it does somewhat reduce the number 
reproducing, and diminishes the period over which each may contribute 
to the next generation. This delay benefits the cattle wealth of the 
community, since it is affected by the sex-ratio—fewer men than girls 
to be married means that fewer cattle have to be paid away than are 
received. The mortality pattern, with this age difference between the 
sexes at marriage, creates a number of widows before the end of the 
reproductive period. Socially, remarriage for them would be very 
difficult to arrange. For the utilization of the remainder of their 
reproductive potential the importance of the levirate is obvious. 

There are numerous other instances in which the influence of dem- 
ography may be detected in social institutions, and from the preceding 
discussion the extent of the influence of the social on the demographic 
pattern is readily discernible. The two seem to be intimately related. 
The need to include demographic considerations in attempts to under- 
stand the functions of a particular institution in a society is clear. 


SUMMARY 


The demography of a Dinka village in a given week early in 1954 is 
analysed. The main features are a low average age, a high proportion 
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of children, and a conjugal situation in which all women (and all men 
after a rather later age), are married, and very few of these fail to 
reproduce. Reproduction of the community is shared by the maximum 
number of women and is spread over the whole of their reproductive 
span, fertility being fairly high but not excessively so. There is a fairly 
high ratio of females to males. Polygamy and the practice of the levirate 
are not sufficiently extensive to absorb the high proportion of widows, 
which may be a result of the age difference between the sexes in the 
time of marriage. Mortality is fairly high, though not excessive by 
African tribal standards, and the population seems to be increasing. 

The genetic implications of the demographic pattern are discussed, 
The possibility of genetic drift occurring in any unit, from the village 
to the total intrabreeding population estimated at 30,000 individuals, 
is shown by examination of the mating pattern to be remote, while the 
demographic situation is such as would be conducive to the operation 
of natural selection. Reference is made to the close relationship between 
demography and social institutions. 
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MIGRATION AND MENTAL DISEASE IN NEW YORK 
STATE, 1939-1941 


BY BENJAMIN MALZBERG 
New York State Department of Mental Hygiene 


‘HIS is a study of migration in relation to mental disease, as 
measured by differential rates of first admissions to hospitals for 
mental disease in New York State. For the purpose of this analysis, 
a migrant is defined as a resident of New York State who was born in 
the United States, but outside of New York State. This is not the most 
desirable definition of a migrant, because it includes persons born just 
beyond the borders of New York State (t.e¢., Connecticut and New 
Jersey), but excludes many who, though born in New York State, may 
have moved several hundred miles within the State. It also excludes 
many natives of New York State who may have moved great distances 
about the country, ending by returning to New York. However, data 
based upon this definition do afford a useful approximation to the study 
of migration, and are of especial value because they are available for 
first admissions to mental hospitals and also for the general population, 
and thus permit the computation of rates. 

Using this definition of migration, Malzberg (’36) made an analysis 
of native white first admissions to all mental hospitals in New York 
State during the three consecutive fiscal years which ended June 30, 
1931. They were divided into two groups—those born in New York 
State, and those born elsewhere in the United States. The latter consti- 
tuted the migrant group. It was then shown that white migrants had 
an average annual rate of first admissions of 156.9 per 100,000 migrant 
population, compared with a rate of only 44.6 for the indigenous group. 
The rates for the migrant group were similarly in great excess for each 
of the numerically important groups of mental disorders. There are no 
statistics of the age distribution of the migrating and indigenous popu- 
lations of New York State, as defined above. It is known, however, 
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that migrating populations include an excess of adolescents and young 
adults (Thomas, *38). This would tend to reduce the rate of first 
admissions among the migrant population. Despite this selective factor, 
the rate for white migrants was so greatly in excess over that for the 
indigenous population that the difference must be considered significant. 
We shall assume that statistics of hospitalization are an adequate measure 
of the relative incidence of mental disease in New York State (Malzberg, 
5D). 

Similar results were found for native Negroes for the three years 
ended June 30, 1931 by Malzberg (’36). The Negro population born 
in New York had an average annual rate of first admissions to all 
hospitals for mental disease of 40.0 per 100,000 corresponding popula- 
tion, whereas the Negro population living in New York but born else- 
where in the United States had a rate of 186.2. The rate for each major 
group of mental disorders was similarly higher for the migrants. 

It is now proposed to repeat these investigations, using the statistics 
of first admissions to all hospitals for mental disease in New York State 
during the three fiscal years ended June 30, 1941. During this period 
there were 27,530 native white first admissions. Of this total, 20,838, 
or 75.7%, were born in New York State, and 6,692, or 24.3%, were 
born elsewhere in the United States, Those born in New York State 
had an average annual rate of first admissions of 80.8 per 100,000 
population. Migrants had a corresponding rate of 169.6. The latter rate 
was in excess by 110%. 

The relative distribution of the major groups of mental disorders 
is shown in table 1. The classification is that adopted by the American 
Psychiatric Association in 1934. The classification is still the official 
classification employed by the New York State Department of Mental 
Hygiene. Of the 20,838 first admissions who were born in New York 
State, 5,763, or 27.7%, were diagnosed as dementia praecox. The next 
largest group, psychoses with cerebral arteriosclerosis, included 3,010, 
or 14.4% of the total. The other groups were of lower order, the largest 
being senile psychoses and manic-depressive psychoses, each including 
8.9% of the total. 

The corresponding distribution for the migrating first admissions 
did not differ greatly from that for the indigenous group. Dementia 
praecox included 25.6% of the total first admissions, followed by psychoses 
with cerebral arteriosclerosis, with 12.7%. 

Differences between the two groups of first admissions with respect 
to age were not too great. (See tables 2, 3) Thus, the average ages for 
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TABLE 1 


Native White first admissions to all hospitals for mental disease in New York 
State, 1939-1941, classified according to mental disorders, and place of birth 


BORN IN UNITED STATES, 





BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 

MENTAL DISORDERS Males Females Number % Males Females Number % 
General paresis 630 257 887 43 308 128 436 65 
Alcoholic 1,046 182 1,228 5.9 491 87 578 8.6 
With cerebral 

arteriosclerosis 1,597 1,413 3,010 14.4 456 395 851 12.7 
Senile 791 1,056 1,847 8.9 160 301 461 6.9 
Involutional 379 817 1,196 5.7 95 212 307 4.6 
Manic-depressive 600 251 1,851 8.9 190 414 604 9.0 
Dementia praecox 3,028 2,735 5,763 27.7 834 880 1,714 25.6 
Other 2 806 2,250 5,056 24.3 988 753 1,741 26.0 
Total 10,877 9,961 20,838 100.0 3,522 3,170 6,692 100.0 


TABLE 2 


White first admissions to all hospitals for mental disease in New York State, 
1939-1941, classified according to age and place of birth 


BORN IN UNITED STATES, 


BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 

AGE (YEARS) Males Females Number % Males Females Number % 
Under 15 222 107 329 1.6 24 12 36 0.5 
15-19 700 594 1,294 6.2 148 lll 259 3.9 
20-24 1,155 956 2,111 10.1 271 251 522 7.8 
25-29 1,068 1,094 2,162 10.4 348 364 712 10.6 
30-34 1,065 995 2,060 9.9 397 344 741 11.1 
35-39 1,024 838 1,862 8.9 395 355 750 11.2 
4()-44 942 767 1,709 8.2 344 288 632 9.4 
45-49 767 723 1,490 7.2 360 281 641 9.6 
50—54 734 681 1,415 6.8 319 212 531 7.9 
55-59 562 517 1,079 5.2 212 179 391 5.8 
60-64 601 536 1,137 5.4 173 166 339 5.1 
65-69 596 591 1,187 5.7 173 168 341 5.1 
70-74 516 527 1,043 5.0 134 155 289 4.3 
75 or over 925 1,035 1,960 9.4 224 284 508 7.6 


Total 10,877 9,961 20,838 100.0 3,522 3,170 6,692 100.0 
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migrant and non-migrant first admissions were 45.2 and 44.9 years, 
respectively. The greatest difference occurred with respect to dementia 
praecox, and in this group migrants and non-migrants had average ages 
of 32.1 and 29.8 years, respectively, a difference of only 2.3 years. Thus, 
though the migrant first admissions were older in the functional groups, 
and slightly younger in the others, the differences do not appear to be 
of an order which would unduly influence the comparisons of rates of 
first admissions. 

Reference to table 4 will show that the migrant white population 
had higher rates than the non-migrants in each group of mental disorders, 
Migrants and non-migrants had average annual rates of 43.4 and 22.4, 
respectively, with respect to dementia praecox. Psychoses with cerebral 
arteriosclerosis ranked second, the rates being 21.6 and 11.7 for migrants 
and non-migrants, respectively. The greatest relative excess was with 
respect to general paresis, migrants having a rate of 11.1, compared 
with 3.4 for non-migrants. The former was in excess by over 200%. The 
alcoholic psychoses also ranked high among migrants. 

We may make similar comparisons for native Negroes living in New 
York State. There were 3,461 such first admissions to all hospitals for 
mental disease during the three years which ended June 30, 1941. Of 
this total, 484, or 14.0%, were born in New York State, and 2,977, 
or 86.0%, were born elsewhere in the United States. Of the entire 
American-born population of New York State on April 1, 1940, only 
15.8% were born in other states. The percentage for the corresponding 
non-white population of New York State (which was almost entirely 
Negro) was 63.5. It is therefore apparent that the Negro population 
was overwhelmingly migrant. 

On April 1, 1940 there were 571,221 Negroes living in New York 
State, of whom 519,935, or 91.0%, were born in the United States. 
These native-born Negroes had an average annual rate of first admissions 
of 221.9 per 100,000 population. Corresponding rates for Negroes born 
in New York State and those born elsewhere in the United States 
cannot be computed with complete accuracy, since the federal census of 
April 1, 1940 did not classify Negroes by place of birth. Such data were 
given, however, for the non-white population. The total for the latter 
in New York State was 599,596, of whom 571,221, or 95.3% were Negro. 
The use of the non-white population as a base will therefore give a 
very close approximation to the rates for Negroes in New York State. 
On this basis, there was an average annual rate of first admissions of 
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85.6 per 100,000 population for Negroes born in New York State, 
Negroes born elsewhere in the United States had an average annual rate 
of 302.7. The latter rate is in excess by more than 250%. However, the 
great disparity is undoubtedly due in part to the fact that migrant 
Negroes are older than those born in New York State, differing in this 
respect from migrants in general. We do not have the age distributions 
of the native Negro populations according to place of birth. But there 
are indirect reasons for assuming differentials with respect to age. 

Table 5 shows, for example, that 36.6% of the Negro first admissions 


TABLE 5 


Native Negro first admissions to all hospitals for mental disease in New York 


State, 1939-1941, classified according to mental disorders, and place of birth 


BORN IN UNITED STATES, 


BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 

MENTAL DISORDERS Males Females Number % Males Females Number % 
General paresis 32 10 42 8.7 338 138 476 16.0 
Alcoholic 27 15 42 8.7 277 90 367 12.3 
With cerebral 

arteriosclerosis 25 25 53 11.0 218 252 470 15.8 
Senile 9 17 26 5.4 57 84 14] 47 
Involutional | 2 3 ().t 6 36 42 1.4 
Manic-depressive 6 9 15 3.1 25 66 9] 3.1 
Dementia praecox 100 77 l77 36.6 370 449 819 27.5 
Other 69 57 126 «626.0 332 239 571 19.2 
Total 272 212 $84 1000 1.623 1.354 2,977 100.0 


born in New York State were diagnosed as dementia praecox, compared 
with 27.5% of the migrant group. On the other hand, the latter were 
in excess among first admissions with general paresis and alcoholic 
psychoses, groups with an age range higher than that for dementia 
praecox. There was a similar difference with respect to psychoses with 
cerebral arteriosclerosis. These imply that the migrant group was drawn 
from an older population. Negro first admissions born in New York 
State had an average age of 36.3 years, compared with 43.1 for the 
migrant Negroes. Such differences make it clear that the total popula- 
tions from which the patients were drawn must have differed in the 
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game direction with respect to age. Therefore, the crude rates of first 
admissions exaggerate the differences between the migrant and non- 
migrant Negroes. Nevertheless, the rates differ so widely that it may be 
concluded, for practical purposes, that adjustment for age, were the 
data available, could not remove the differentials with respect to average 
annual rates of first admissions. 


TABLE 6 


Native Negro first admissions to all hospitals for mental disease in New York 
State, 1939-1941, classified according to age and place of birth 








BORN IN NEW YORK STATE EXCLUDING NEW YORK STATE 
Total Total 

AGE (YEARS) Males Females Number % Males Females Number % 
Under 15 18 10 28 5.8 19 8 18 0.6 
15-19 40 29 69 14.3 64 71 135 4.5 
20-24 18 24 72 14.9 121 114 235 7.9 
25-29 34 30 64 13.2 177 171 348 =111.7 
30-34 27 19 46 9.5 225 176 401 13.4 
35-39 17 19 36 7.4 204 156 360 12.1 
40-44 23 10 33 6.8 173 118 291 9.8 
45-49 11 12 23 4.8 168 105 273 9.2 
50-54 20 8 28 5.8 129 79 208 7.0 
55-59 5 10 15 3.1 91 74 165 6.5 
60-64 5 13 18 3.7 80 61 141 4.7 
65-69 12 8 20 4.1 71 78 149 5.0 
70-74 5 6 1] 2.3 55 46 101 3.4 
75 or over 7 14 21 4.3 55 97 152 5.1 
Total 272 212 484 100.0 1,623 1,354 2,977 100.0 


Table 8 summarizes the average annual rates of first admissions for 
the leading groups of mental disorders in the native Negro population. 
The highest rate occurring among both migrants and non-migrants was 
with respect to dementia praecox. The former had a rate of 31.3 per 
100,000 population, far in excess of that for any other group of mental 
disorders. This was due in large part to the relative youth of the non- 
migrants. On the other hand, the migrants had a rate of 83.3 per 
100,000 population for dementia praecox. The difference is clearly 
significant, since the migrant group is surely older than the non-migrants, 
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and therefore could not have been affected adversely in such a com- 
parison by differential age distribution alone. It is a reasonable con- 
clusion that the migrants had a higher probability of dementia praecox, 

Negro migrants had higher rates of first admissions than the non- 
migrants in each of the major groups of mental disorders. The differences 
were marked with respect to the syphilitic disorders and alcoholic 
psychoses. Migrants had an average annual rate of 48.4 per 100,000 
population with general paresis. The rate for psychoses with other 
syphilis of the central nervous system was 13.8. The combined rate for 
the syphilitic psychoses was 62.2, compared with 10.6 for the non- 
migrants. Unquestionably, a large part of the difference was due to age 
differentials, the non-migrant group including a large percentage from 
30 to 50 years of age, the period of maximum risk for such mental 
disorders. Age also accounts in part for the excess of the alcoholic 
psychoses among the migrants. The latter had a rate of 37.3, compared 
with 7.4 among non-migrants. It is very likely, however, that the rates 
for migrants would remain significantly higher, even were statistical 
adjustments for age available. 

We may conclude with a comparison of average annual rates of first 
admissions among whites and Negroes during the three fiscal years 
ended June 30, 1941. (See Table 9) 

Negroes born in New York State had an average annual rate of first 
admissions of 85.6 per 100,000 population, compared with a rate of 80.8 
for the corresponding white population. The excess amounts to only 
six per cent. In view of the fact that Negroes in New York State were 
younger than the white population, as shown by the United States 
census (°40), and the certainty that this must have been even truer of 
the segments of these populations born in New York State, we may 
conclude that Negroes born in New York State had a higher rate of 
first admissions than whites. Despite the absence of adequate age 
statistics, we may also conclude that the great excess of rates among 
non-migrant Negroes with respect to general paresis, other syphilis of 
the central nervous system, and the alcoholic psychoses, is also significant. 
In the case of dementia praecox, the rate for Negroes was in excess by 
40%. It is probable that despite differences in age, the rate for the Negro 
migrants was higher. Rates of first admissions with psychoses with 
cerebral arteriosclerosis and with senile psychoses were lower among 
Negroes than among whites. But as the Negro population born in New 
York was still relatively young, this result may well be spurious. In the 
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case of the manic depressive psychoses, however, it is possible that the 
lower rate for Negroes may prove to be significant. 

In comparing the migrant population, we find an overall excess of 
78% for Negroes. The excess among migrant Negroes was especially 
high with respect to the psychoses of syphilitic origin and was also high 
for the aleoholic psychoses and psychoses with cerebral arteriosclerosis, 
It is improbable that these differences could be accounted for by the 
relative age distributions of the two populations. An excess of 92% on 
the part of the Negro migrants over the white migrants with respect to 
dementia praecox must be regarded as significant, since the Negro 
migrant population belongs to age groups in which this disorder would 
tend to be relatively low in frequency. Only with respect to the manic- 
depressive psychoses do white migrants apparently have a higher rate 
than Negro migrants. 


SUMMARY 


The native-born population of New York State may be divided into 
those who were born in New York and those who were born elsewhere 
in the United States. These groups may be considered as non-migrants 
and migrants, respectively. From this point of view, separate compari- 
sons were made for the white and Negro populations of New York State, 
based upon average annual rates of first admissions to all hospitals for 
mental disease in New York State during the three fiscal years ended 
June 30, 1941. Among the native whites, the indigenous and migrant 
groups had rates of 80.8 and 169.6 per 100,000 corresponding popula- 
tions. The rates for the migrant whites exceeded those of the indigenous 
population for each of the major groups of mental disorders, the disparity 
being greatest for psychoses of syphilitic origin, and alcoholic psychoses. 

Negroes showed similar differences. Migrant Negroes had an average 
annual rate of first admissions of 302.7 per 100,000 population, compared 
with 85.6 for the indigenous Negroes. The rates for Negro migrants 
were in excess in all major groups of mental disorders, but the differences 
were especially high for the psychoses of syphilitic origin, the alcoholic 
psychoses, and psychoses with cerebral arteriosclerosis. The ratios of 
the rates for Negro migrants to those for non-migrants were much 
greater than the corresponding ratios for the white population. This is 
probably due, in part, to the fact that the indigenous Negroes are 
undoubtedly very young in comparison with the migrants. The age 
differences are probably not so marked among the white populations. 
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It is therefore clear that rates of mental disease are higher for 
migrants than for non-migrants. It is also clear, that, with the exception 
of the manic-depressive psychoses, Negroes had higher rates than whites. 
This was true whether we compared the two migrant or the two non- 
migrant groups. The question therefore arises whether the differences 
between migrants and non-migrants are due to the action of selective, 
constitutional factors, or to environmental influences associated with or 
resulting from migration. A similar question arises with respect to the 
racial comparisons. Are the rates for Negroes in excess because of racial 
or social factors? The data of the present study cannot answer these 
questions definitely. There are suggestions, however, that social factors 
cannot be ignored. These are discussed elsewhere by Malzberg, Lee and 
Thomas (°56). The greatest relative excesses of migrants over non- 
migrants, among both whites and Negroes, were with respect to the 
psychoses of syphilitic origin and the alcoholic psychoses. The ratios 
were especially high among Negroes. Since these psychoses have a 
predominantly social background, especially among Negroes, it may be 
inferred that deleterious social influences are likely to be operative on a 
larger scale among migrants than among non-migrants. 

We may note that the crude rates of first admissions increased 
significantly between 1930 and 1940. For the indigenous white popula- 
tion, the rates increased from 44.6 to 80.8 per 100,000 population. For 
the migrant group, the rates increased from 156.9 to 169.6. In the 
case of the Negroes, the comparisons were as follows: Non-migrants, 
10.0 and 85.6; migrants, 185.5 and 302.7. The increases are probably 
due, in part, to the fact that the general populations included a higher 
proportion of elderly persons in the latter years. However, studies by 
Malzberg (755) of the total population in which the factor of age was 
held constant all indicate that there was a real increase in rates of first 
admissions between 1930 and 1940. It is therefore probable that the 
crude rates of the present study also indicate a real increase. 

Finally, we may note the interesting fact that general paresis has 
been decreasing steadily for several decades. The non-migrant whites 
showed a decline from a rate of 3.8 per 100,000 population in 1930 to 3.4 
in 1940. For the migrant whites the corresponding rates were 15.3 
and 11.1, respectively. Among Negroes, however, the trend was in the 
opposite direction. The rates increased among non-migrant Negroes 
from 4.3 in 1930 to 7.4 in 1940. They increased among migrant Negroes 


from 36.3 to 48.4. General paresis thus increased among Negroes at 
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the very time when the disorder was decreasing in the remainder of the 
population. General paresis is a disease of syphilitic origin, and it is 
therefore evident that syphilis was not only more prevalent among 
Negroes than among the whites, but that the later manifestations in the 
form of involvement of the central nervous system were also more 
prevalent. It is generally agreed that the prevalence of syphilis is a 
social rather than a constitutional or racial problem. Furthermore, for 
obvious reasons, syphilis is more likely to be present in a migrant popu- 
lation. Therefore, we must bear in mind the possibility that higher 
rates of mental disease among Negroes may be associated with environ- 


mental factors. 
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ON BASIC PRINCIPLES IN DENTAL STATISTICS 


BY JAAKKO KIHLBERG AND KALEVI KOSKI 


Institute of Occupational Health and University of Helsinki, Helsinki, Finland 


INTRODUCTION 


N current dental statistical literature, diversity exists both as to 
T statistical presentation and as to methods and concepts (Bransby 
and Parfitt °52, Ekman °48, Hurme 48 and 749, Jackson ’48 and 750, 
Klein, Palmer and Kramer 737, Klein and Palmer 741, Klein *43, Palmer, 
Klein and Kramer °38). It is not always possible to perform direct 
comparisons between two related published investigations: averages and 
other statistical characteristics used may have been calculated in dif- 
ferent ways; basic tabulations also may be essentially different. Further, 
the concepts adopted in discussion are likely to remain unclarified, con- 
sequently causing confusion in conclusions and recommendations. 

In our opinion, it is therefore useful to discuss some of the main prob- 
lems in dental statistics. The contents of this paper will be theoretical, 
for two main reasons. First, it is of course necessary to build the 
theoretical framework before actual investigations can be carried out. 
Second, it does not seem easy to get suitable raw data from the present 
literature to illustrate our model with practical applications. We feel, 
however, that while we are looking for and collecting such data, it might 
interest some students of dentistry to know of the theoretical basis which 
we propose to use for our later studies. It is our hope that we could, 
in the near future, come forth with another paper dealing with practical 
applications of the ideas presented in the following. 

To begin with, we will present a simple general model, t. e., a statis- 
tical framework within which a logical dental statistical system can be 
developed. For the sake of clarity the model has to be mathematical 
in character. The conclusions, however, will form a group of practical 
recommendations. 
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A GENERAL MODEL 


Consider a population, a group of human individuals of equal age, 
in ideal observation conditions so that it is possible to perform a com- 
plete investigation of dental conditions in the population at any age z 
(years, say). A series of such observations made at successive ages 
would then form a longitudinal survey. In such a survey the teeth 
may be classified exclusively according to the following scheme, this 
scheme being valid for each tooth locus separately, similarly for deciduous 
and permanent teeth: 

1) The tooth has not yet erupted (state O) ; 

2) The tooth has erupted and is sound (8); 

3) The tooth is in the mouth but has been attacked by caries once 
or more times, being filled or not (K) ; 

4) The tooth is lost (exfoliated, extracted), and was sound when 
deceding (EF) ; 

5) The tooth is lost (exfoliated, extracted), and belonged to the 
state K (see above) when deceding (D). 


In respect to each tooth locus separately, the population can then be 
classified into the above five classes; t.e., it can be determined what 
percentage of the individuals have a given tooth erupted, lost, ete. 
Denote these percentages by 


C... 3... Za 3, tee Du 


the capital letters referring to the above classification, and the sub- 
index z indicating that the percentages have been determined at the 
age x. As the classification used is complete, the percentages must add 
up to 100, t.e., 

(1) 0,+8,4+ K,+ F,+ D,=— 100, 

whatever be the age zr. 

If a series of age-specific percentages O,, S,, etc. are plotted against 
the age, together they will form a curve pattern as shown in figure 1. 
Each tooth locus possesses its own curve pattern, whence a collection of 
32 (or 16, if no difference is made between the right and left side) 
graphs is needed to describe the entire tooth history of the population. 
In some respects, this curve pattern resembles that used by Hurme (’49). 
He proposes the name collective distribution pattern. 
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This is the model to be investigated. In the following, properties 
of the model will be studied in the hope that some of the practical 


results would be useful. 
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Fic. 1. COLLECTIVE DISTRIBUTION PATTERN FOR A PAIR OF DEcIDUOUS TEETH. 


ERUPTION 


The relative number of non-erupted teeth has been defined as the 
percentage O,. The complement of this quantity, 1. e., 


(2) P,= 100 —0,, 


gives the eruption percentage. Plotted against the age, the P,-values 
will form the well-known eruption curve shown in figure 2. 

The rate of growth of this curve during a small age interval dz 
(mathematically, the first derivative of the curve) is 


(3) Pe= dP,/dz, 


the right-hand side of the above formula representing common mathe- 
matical notation for the derivative. This quantity gives the per cent 
frequency or per cent rate of eruption during an infinitely small age 
interval dr in the neighbourhood of the age x. The shape of this erup- 


tion rate curve is also shown in figure 2. 
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The rate above is computed on the total number of loci, t.e., as a 
proportion of the total population with no regard to the actual states 
of the tooth loci at the age z. However, some of the loci may have 
been occupied already so that eruption cannot take place any more, 
This leads one to calculate another rate in such a way that only the 


100 

















Fig. 2. ERUPTION PERCENTAGE P,, ERUPTION RATE p, AND ERUPTION INTENSITY 
p*, AS FUNCTIONS OF THE AGE. THE Last Two FUNCTIONS HAVE BEEN CALCU- 
LATED PER HALF YEAR. 


empty tooth loci are considered. This is made by relating the rate of 
eruption to the proportion of empty tooth loci, thus: 


(4 ) p* 2 —_ P2/ Oz. 


The quantity p*, gives the probability of an empty locus to become 
occupied during a small age interval dr. To make a clear distinction 
from the eruption rate defined in (3) this probability can be called 
eruption intensity. An eruption intensity curve is shown in figure 2. 
It is to be noted that the shape of the intensity curve in this case is 
not typical for all teeth, for in some cases, e.g., third molars, lateral 
incisors, etc. the curve may have a maximum followed by a decreasing 
tail. 

Mathematically, both the eruption rate and the eruption intensity 
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above have been calculated for a very small age interval dz. The 
numerical values of these quantities can, however, be calculated, e. g., 
per half year, as is the case in figure 2. 

It should be noted that the three curves discussed above are by no 
means different things, for they are connected with each other by strictly 
defined mathematical relations. In fact, whenever one of the curves is 
given the other two can be deduced. The curves only describe the erup- 
tion process from different angles. 


CARIES 


In this model, only primary caries is considered, 1. e., the first attacks 
of caries, whereas no allowance is made for further attacks or for the 
natural progress of active caries. Further, no attention has been paid 
to the varying caries susceptibility of different tooth surfaces. Therefore, 
the model describes the caries phenomenon from a relatively narrow 
angle of view only. On the other hand, we believe that by accepting 
temporarily these limitations clarity will be won in a point where more 
detailed theoretical presentation is likely to become heavy and com- 
plicated. In further development of the theory now outlined, more 
attention can be paid to all the complications inherent in caries statistics. 

At any age x, the total relative number of individuals having had 
some caries experience in a given tooth is evidently 
(5) C,=—K,+ D,, 
for the percentages K, and D, include all cases attacked by caries, with 
no regard to whether the attacked tooth is left in the mouth or not. 
The C,-curve is a non-decreasing curve of the type shown in figure 3. 

The first derivative of this curve 
(6) c, = dC,/dz 
gives the per cent rate of primary caries attacks during a small age 


fo 


called caries attack rate. In figure 3 a c,-curve deduced from the C, 


interval dr in the neighbourhood of the age z. This quantity can be 


curve is shown, the numerical rate having been computed per half year 
as above. 

However, all the loci are not necessarily occupied by sound teeth 
which can be exposed to the risk of primary caries. Therefore, it is 
advisable to calculate another rate, taking into consideration only the 
teeth actually exposed to this risk. So the quantity 


“ 


(¢ ) c* —e ‘S, 
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is obtained. Evidently, this quantity gives the proportion of sound teeth 
developing primary caries in the small age interval dz, so that it can 
be called primary caries attack risk or attack intensity. On the basis 
of the C, curve in figure 3 a c*, curve has been computed according to 
formula (7). This curve is also shown in figure 3. 
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Fic. 3. CUMULATED CARIES PERCENTAGE (,, CARIES ATTACK RATE c, AND 
CARIES ATTACK INTENSITY c*, AS FUNCTIONS OF THE AGE. THE Last Two 
FUNCTIONS HAVE BEEN CALCULATED PER HALF YEAR. 


The three curves defined by (5). (6) and (7) are closely related 
to each other, as is evident from the presentation. Each of them, 
describing the caries process from a particular point of view, possesses 
interesting properties which probably have been only partly recognized. 
For example, the c*, function presents a useful tool in making com- 
parisons between different populations exposed to the risk of primary 
caries, or between different teeth within the same population (Ekman, 
48). 

For some practical purposes, the model above certainly is too simple, 
as no allowance has been made for the natural progress of caries or for 
repeated carious involvement, and as the different tooth surfaces have 
not been treated separately. Towever, improvements and refinements 
in the theory can easily be made in line with the presentation. For 


example, if the observation conditions allow. the primary attack risk 
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curve can be replaced by a general attack risk curve, with no reference 
to the number of previous attacks. 


EXFOLIATION AND EXTRACTIONS 


The total loss percentage at an age x, Q., is composed of the two 
percentages EF, and D, defined above, being the sum of them. Plotted 


’ 


against the age, the curves E, and D, and, consequently, @,. = #,+ D, 


fan) 


are of the non-decreasing type shown in figure 4. 
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Fic. 4. Loss PERCENTAGES FE, aNd D,, AND THE SuM oF THEM, Q,. 





Taking the derivatives of these curves, three loss rates are obtained, 


vtZ. 

(8) e, = dE,/dzr 

for sound teeth, 

(9) d,—=dD,/dz 

for carious teeth, end 

(10) dr = ¢r +d, (=dQ,/dr) 


for all teeth, the last rate, of course, being the sum of the previous two. 
Actual rate curves calculated on the basis of the above loss percentage 
curves are shown in figure 5. 
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The rates above have been calculated for the total number of tooth 
loci in the population. However, one is often more interested in the 
risk than in the rate of loss. All the tooth loci are not exposed to this 
risk, but only the teeth left in the mouth. For the sound teeth, the 
relative number of teeth exposed to the loss risk is S,, for the attacked 
teeth correspondingly K,, the sum of them, S, + Kz, finally representing 
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Fie. 5. Loss RATEs e, (FoR Sounp TEETH), d, (FoR CARIOUS TEETH) AND q, 
(ToTaL), AND Loss Risks e*,, d*, AND q*,. THE FUNCTIONS HAVE BEEN CALCU- 
LATED PER HALF YEAR. N.B.: ScALE A FOR RATE CurRvVES, ScALeE B ror Risk 
CURVES. 


the total proportion of teeth exposed to the loss risk. So the risk 


functions can be calculated as follows: 


(11) e*,_— éz/Sz 
for sound teeth, 
(12) d*, = d,/K, 


for attacked teeth, and finally 
(13) Q*2=42/(S.+ Kz) (=—@q2/T:, where T,—S,+ Kz) 


as the over-all loss risk. These risk curves are also shown in figure 5. 
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The life-table technique presented above is in line with that applied 
by Klein (743), although he does not treat different teeth separately. 
" At first sight one may think that the sub-division of the group of 
lost teeth applied above is superfluous, 1.e., that a sufficient and satis- 
factory theoretical model could be built by means of the quantities Q,, 
gz and q*, alone, especially as in practice it is very difficult if not 
impossible to discriminate between the classes # and D. However, the 
sub-division applied is there for the sake of adequate treatment of caries 
process in the model. The presentation concerning caries statistics 
above contains the quantity C, where D, but not FE, is included, see 
formula (5), whence the sub-division is a necessity. 


DISCUSSION 


The model presented above forms a basis for a logical system of 
dental statistics, details of which will be presented in another paper. 
Of course, the framework suggested for this purpose is not unique, but 
represents a plausible alternative among those possible. It may be 
considered a weakness of this system that various tooth surfaces, different 
intensity degrees of single caries attacks and the like are not given 
attention here, in spite of the fact that many of the dental studies in 
the past have especially emphasized the importance of these factors in 
thorough dental statistical investigations. Taking into consideration 
this kind of additional factors would, however, in our opinion, make 
the model unduly complicated at this stage. Indeed, we believe that 
most of the requirements of efficient and logical dental statistics will be 
met already within this framework. As pointed out in several passages, 
refinements are possible in details where more accurate description of 
actual relations is desirable. 

As to statistical characteristics, one important property of the model 
can be noted already in this paper. This is the time division actually 
performed by the curves which were defined by the formula (1). If 
the height of figure 1, denoted by 100%, is understood to be equal to 
unity, then the area limited by the horizontal zero and 100% lines, and 
the vertical zero line, can be expressed in time dimension. Consequently, 
the curves shown in figure 1, starting from the horizontal zero line and 
reaching up to the 100% line, divide this “time area” in time periods. 
For example, the area to left from the P, curve, i.e., the O-area is 
simply equal to the mean eruption age, the S-area equal to the mean 
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sound mouth-age, this together with the A-area equal to the total 
mouth-age. and, finally, the sum of O-, S- and K-areas equal to the mean 
deceding age. Remembering that the K- and D-areas together represent 
the attacked teeth it can be seen that their relative magnitude gives an 
indication of the power of caries in the population. Indeed, statistical 
characteristics of caries can be developed from these area considerations, 


SUMMARY 


We suggest a system of dental statistics based on simple classification 
of teeth in five exclusive classes: 


1) Tooth not erupted; 

2) Tooth in the mouth, sound; 

3) Tooth in the mouth, attacked by caries; 
4) Tooth lost while sound; 

5) Tooth lost while attacked by caries. 


It is proposed that a series of age-specific per cent distributions of the 
tooth loci into these classes, or a collective distribution pattern, be used 
for each tooth separately as a basis of further statistics. Main properties 
of the model are discussed, and a number of auxiliary functions derived 
and presented. Mathematically, these derivations are closely related to 
so-called life-table technique. 
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Evolution, Genetics, and Man. By THropostus DoBZHANSKY. 398 pp. 
Wiley, New York, 1955. $5.50. 


in these boom-days of science two divisions of labor have appeared, 
(a) between specialists in research in different disciplines and sub- 
disciplines, and (b) between researchers and writers, Most scientists 
pursue single channels of inquiry and present their results in terse, 
jargon-laden monographs. Few science writers who open broad fields 
to the general public have the time or training for special research. 
Once in a blue moon an original researcher combines a devotion to special 
pursuits, a general coverage, and the ability to write simply and well. 
Such a man is Theodosius Dobzhansky. 

Evolution, Genetics, and Man is a textbook addressed to the beginner 
in genetics as well as to students of anthropology, paleontology, and 
other disciplines in which genetics is peripheral schedule-wise although 
vital and basic. With a combination of boldness and good judgment the 
author covers the usual subject matter of standard genetics, including the 
structure of the chromosome, the mechanics of heredity, mutations and 
mutation rates, gene frequencies, natural selection, genetic drift, the 
structure of Mendelian populations, and balanced polymorphism. He 
explains races as genetically open and species as genetically closed systems 
with the fact of mating rather than its genetic potentiality as the 
threshold criterion. Some new species are formed, he says, by polyploid 
crossings as a quick method of evolution. 

Homology, analogy, and the blood precipitation tests are covered. 
Sex, says Dobzhansky, gives a population its maximum opportunity for 
variation, and the routine which the male follows in seeking out his 
mates makes for both differentiation and increased intelligence. In 
mammals hormones, themselves genetically controlled, play a large role 
in sexual development. Darwin’s idea of sexual selection is replaced 
by a new theory, that the excess growth of secondary sex characters 
provides mechanisms for identification and isolation, thus helping species 
formation. 

In a chapter on organic evolution a summary is given of the history 
of living animal forms and of current theories of evolutionary change. 
When fish got lungs land forms appeared. When these began to lay 
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shell-covered eggs with built-in rations, land-breeding began, and later 
mammals and birds took over from reptiles during a period of global 
crisis, probably thermal in nature. Mammals and birds had the ad- 
vantages of internal heat-control, and a care of the young. 

Evolutionary parallelism, he says, produced the marsupial wolf and 
the false horse of South America, while the most successful forms arose 
in the centers of land masses, where competition was keenest. The 
faunal areas of the world are named and described, and finally, man 
is born. Dobzhansky firmly rejects the tendency of human paleontologists 
to give every scrap of bone they find a new generic name. He confines 
fossil and living men to one genus and two species, Homo erectus and 
Homo sapiens. He fails to endorse the popular dogma that man has no 
instincts and places the acquisition of culture where it belongs, in a 
biological context. 

Rejecting orthogenesis he endorses Simpson’s idea of orthoselection— 
i.e., evolution continues in one direction as long as conditions favorable 
to it endure. He torpedoes the old tale of the Irish elk—that its antlers 
grew so big that he became extinct from carrying them around—and 
answers Berg’s objection to mutation and selection as being responsible 
for the growth of complex organs like the human eye. This eye, he 
points out, evolved over a long, long time from the invertebrate ancestors 
of the fishes through many intermediate forms, and was perfected bit 
by bit over many millions of years. 

He defines progress as an increase in the complexity of organs and 
an improvement in sensory perception and nervous coordination. In 
his view standard, known principles are good enough to explain the origin 
and evolution of life. He puts up a convincing argument. 

To anyone who has ever tried to write a general book on a wide and 
highly technical field it is obvious that much work went into this product. 
In each chapter the subject is gently introduced by a historical narrative 
and it is ushered out at the end by a lucid summary. In between, in the 
body of the chapter, Dobzhansky fights the familiar and nearly impossible 
battle between terminology and clarity. Usually he wins, particularly 
in the latter two-thirds of the book, but a few slightly sluggish passages 
still remain in the area of explaining mitosis, meiosis, crossing-over, 
and related phenomena. He achieves caution throughout without the 
use of weasel-words, and he achieves humor without jocularity, even 
joking about the difficulty of pronouncing his own name. In my own 
special field of racial studies I can find no technical errors important 
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enough to mention in a review. As my field may be the farthest from 
his of any covered, we can give the book a seal of accuracy. 

Evolution, Genetics, and Man is as monumental as its writer, who, 
combining special experimental knowledge with wide scientific coverage, 
can also handle a language originally foreign to him with delicacy and 
skill, to the enlightenment and pleasure of us all. Once again Dobzhansky 


has done the kind of job we have come to expect of him, and a little more, 


CARLETON 8. Coon 
University of Pennsylvania, 


Philadelphia, Pennsylvania. 


Counseling in Medical Genetics. By SHELDON C. REED. vill + 268 pp. 
f h P} 


W. B. Saunders Co., Philadelphia, 1955. $4.00. 


The principles of human genetics find their practical application 
when counseling on hereditary problems is sought. This means in most 
instances that parents who have had a child with a congenital defeet 
or hereditary disease want to know the likelihood of a recurrence of the 
condition in their offspring. 

At present many Institutes provide counseling in hereditary prob- 
lems: 13 are listed by Dr. Reed for the United States and Canada and 
I may add that at least 6 are active in Europe. We can foresee a time 
when ignorance of this branch of medicine will be merely a matter of 
personal nonchalance of the practitioner. This book is intended as an 
introduction to the practical aspects of human genetics for physicians. 
The author is Director of the Dight Institute for Human Genetics in 
Minneapolis, which started to give genetic advice to patients and physi- 
cians in 1941. The accumulated material has provided the basic frame- 
work for this book. 

[t is divided into 29 chapters and an appendix gives a list of inherited 
diseases with their frequency, if known, and their type of inheritance. 
Each of the 23 chapters which are devoted to a single subject includes 
one or more actual counseling cases taken from the files of the Dight 
Institute. Dr. Reed covers a wide field: common conditions such as 
twinning, mental retardation, diabetes and allergies are included as well 
as some rare hereditary diseases such as fibrocystic disease of the pancreas, 
pyloric stenosis etc. Information is provided on the most common con- 


genital malformations, 1. ¢. clubfoot. harelip and cleft palate. dislocation 
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of the hip, congenital heart, anencephaly, spina bifida and mongolism. 
The two chapters on the genetics of blood groups and of disputed 
paternity should be of interest for the physician and the public. In the 
first four chapters emphasis is given to the general, moral and philo- 
sophical aspects of genetic counseling. A short chapter is devoted to the 
genetic effects of ionizing radiation. The reader may be interested to 
know that problems of skin colour is the major reason for seeking advice 
at the Dight Institute, followed by epilepsy, consanguinity, mental 
deficiency, mongolism, schizophrenia, harelip and cleft palate, eye colour, 
and twinning. 

As the topics discussed are many, it is no wonder that some problems 
appear too simplified and the treatment of others is not based on the 
most important published reports. On the other hand a book intended 
as an aid to the practitioner must not exceed a reasonable size. J udging 
this work as a whole, it is likely that many human geneticists, who are 
aware of the intricacies of the subject, will not agree with Dr. Reed’s 
tendency to oversimplify counseling problems. The reviewer disapproves 
of the style of the book. Colloquial and slang words are used to such 
an extent as to make the reading rather irritating. This puts the actual 
content, which is mostly good, in a wrong light. I quite agree with plain 
writing in scientific books but I still believe that a dignified science 
should be dealt with in dignified language. I am sure that a radical 
change of the style would improve the value of the book considerably. 


M. FraccARro 
State Institute for Human Genetics, 


Uppsala, Sweden 


Culture and Mental Disorders. By JosepH W. Eaton and Roserr J. 
WEILL. 254 pp. Free Press, Glencoe Illinois, 1955. $4.00. 


The earlier analysis of population increase among the Hutterites 


reported on these pages * 


was part of a larger research. Initially, the 
aim of the survey was to discover the reasons for an apparent lack of 


psychiatric disorders in the small, close-knit and socially isolated sect 


‘Joseph W. Eaton and Albert J. Mayer, “Social Biology of Very High 
Fertility,” Human Biology 25: 206-264, 1953; republished under the title Man’s 
Capacity to Reproduce, Glencoe, Illinois, Free Press, 1954. 
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of 8,542 Hutterites in the Great Plains area. The research staff soon 
found, however, that previous reports were in error; by the use of a 
thorough screening process which located virtually every mental cage 
(active or recovered) in the entire population, they located 199 persons 
diagnosed as having had a mental disorder or epileptic seizure * at some 
time. Of these, fifty-three were psychotic. 

Although these results were unexpected, the authors made compara- 
tive studies with ten other intensively surveyed populations and found 
the Hutterite lifetime risk of mental disorder to be lower than other 
groups in the Euroamerican population. Thus the incidence was higher 
than expected but in the direction hypothesized in the beginning. “ More 
than 97 out of every 100 Hutterites living in 1950 had not experienced 
a major mental disorder.” At the same time they discovered that the 
Hutterite psychosis rate appeared to be somewhat higher than a com- 
parable one on the island of Formosa (pre-Chiang). 

Equally significant was the finding that there was a virtual absence 
of psychopathic personality, obsessive-compulsive neuroses and psychoses 
associated with syphilis, aleoholism and drug addiction. This leads 
the authors to say that “the almost complete prevention of these 
disorders may be possible within an appropriate social and cultural 
setting.” 

The most surprising result of all, however, was the relative incidence 
of the two “ functional ” psychoses, schizophrenia and the manic—depres- 
sive disorders. Of the tifty-three psychotics 73.69 were manic-depressive 
(nearly all of the depressed type); this is in startling contrast to the 
mental hospitals in the U.S. where schizophrenics dominate while manic- 
depressives constitute less than 159 of the first admissions. Eaton 
and Weill relate this difference to the social cohesion of the Hutterite 
family and society generally, the stress on rigorous religious duty, and 
the internalizing of aggressive drives. 

Throughout the entire work, representing a fine example of an 
interdisciplinary study, the writers display scientific caution and 
qualify their conclusions with commendable judgment. In a_ final 
appendix they outline a careful and complete account of the methodology 
which gives the reader confidence in the validity of the findings. In 


spite of the important stress on cultural factors in mental disorders, 


220 of these were epileptics without psychotic or mental defective traits and 
were included only for sake of completeness. 
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Eaton and Weill, as a result of their experience with the Hutterites, 
conclude that there is probably an irreducible minimum of psychosis 
and neurosis in any society. “Our findings contain no blueprint for 
a perfect social order. On the contrary, a mental health utopia is 
probably impossible.” 
R. A. SCHERMERHORN 
Western Reserve University, 
Cleveland, Ohio. 


Readings in Anthropology. By E. A. Hogset, J. D. JENNINGS, and 
E. R. Smirx. ix and 417 pp. McGraw-Hill, N. Y., 1955. $5.00. 


Reviewing a source-book is a tough assignment. At best it is a difficult 
job, and at worst it is a thankless task. In the first place there are few 
anthropologists able to encompass scope. In the second place it is not 
really content that is scanned, but selection. This involves too much 
second-guessing; as the saying goes, “hindsight always has 20-20 
vision.” So, I'll put on my trifocals and get to work: one view for 
knowledge (reasonably acceptable) ; one for experience (fairly extensive) ; 
one for imagination (unlimited). 

There are eight Parts in this book: Anthropology, the Study of 
Man; Prehistory; Physical Anthropology and Race; Primitive Tech- 
nology; Primitive Society; Language; Society and Culture; Applied 
Anthropology. I shall here consider only Prehistory, Physical Anthro- 
pology and Race, and Applied Anthropology (really Applied Cultural 
or Social Anthropology). 

The authors have aimed at reprinting certain source articles to be 
read by beginning students. On the whole, the references chosen are 
acceptable, though, in my opinion, not always the most representative or 
comprehensive. Under Prehistory are two that must stand challenge. 
Braidwood’s * Prehistoric Men ” is far more about stone tools than about 
hominids. Broom’s “ The Apemen ” reads more like the literary rendi- 
tion of field notes. I’d have swapped both for Clark Howell’s “ The 
place of Neanderthal man in human evolution,” or any one of the 
pithy and concise articles by Le Gros Clark, Straus, or Vallois, “ New 
Light on Ancient Americans ” by Linton also raises a point. The article 
was written in 1951 and in it Linton says, “Since the leader of the 
Kon-Tiki expedition has given professional anthropologists less than 


their due in his delightful book, ... . ” This gives the reader a no-longer 
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valid impression. The authors might well have footnoted a reference 
to Heyerdahl’s detailed “ American Indians of the Pacific.” Frank 
Roberts’ “ The Early Americans” and Heizer’s “ Radiocarbon Dating” 
are well-chosen. 

Under “ Physical Anthropology and Race” (why the dichotomy?) 
there are several references which might well have been alternatives, 
Because it gives the beginning student a broader perspective I’d have 
preferred McCown’s “ The training and education of a physical anthro- 
pologist ” to the quoted “The New Physical Anthropology ” by Wash- 
burn. In this essay Washburn says, “The new physical anthropology 
is primarily an area of interest, the desire to understand the process 
of primate evolution and human variation by the most efficient techniques 
available.” This, standing by itself, fails to inform the beginner of the 
dynamics of a physical anthropology that encompasses not only the 
genetics of apes and fossil man, but the bio-medico-dental problems 
of modern living human beings. I'd like to have also seen readings such 
as Brozek’s “ Measuring nutriture,” Driver’s “ Statistics in Anthro- 
pology,” and Thieme’s, “The population as a unit of study.” The 
“new anthropology ” must be defined not only in terms of past processes 
but—even more cogently, | think—in terms of the genetics and the 
bio-physiology of norms of human development, today. The selection 
of “ Adaptive Changes in the Human Body ” by Coon, Garn, and Birdsell 
is the most up-to-date reference in this Part, bringing dynamic thinking 
to the race problem. 

The Part on “ Applied Anthropology ” leaves Physical Anthropology 
out in the cold. References by Firth, Tax, and Chapple discuss the 
application of socio-cultural theories and data to administrative problems, 
One looks in vain for the applied researches of Hooton, Randall, Russell 
Newman, Damon, Hertzberg, Evans, and others. The entire realm of 
Constitutional Medicine is slighted. 

The whole business of take-this, leave-this-out might well have been 
handled by either an explanatory linking paragraph between Parts, or 
the presentation of alternative or ancillary references. The serious 
student might then browse further, doing some evaluation on his own. 

I guess the whole problem of evaluating what-to-choose can be summed 
up in the final rather dour sentence of Washburn’s “new” article: 
“There is nothing we do today which will not be done better tomorrow.” 
[ guess, maybe, that goes for each article, for the whole volume—and 
for this review! 

W. M. KrocMan 
Graduate School of Medicine, 


University of Pennsylvania 
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The Physical Anthropology of Ireland. By E. A. Hooron and C. W. 
DupERTUIS. xix + 304 pp. Papers of the Peabody Museum of 
Archaeology and Ethnology, Harvard University, vol. XXX, Nos. 
1-2. $10.00. 


Thanks to these 2 volumes, Ireland is now one of the best-described 
regions in the world. The senior author, Professor E. A. Hooton, com- 
pleted his part of the work just before his death, and this survey is the 
climax of his brilliant career. Dr. Dupertuis, who is one of his ablest 
students, performed the measurements of all the male Irish, and a 
smaller female sample was measured by Dr. Helen Dawson. This 
fortunate combination of personnel resulted in a superb example of the 
Hooton method. 

In his lifetime, Professor Hooton and his students produced most 
of the scholarly literature in the United States on racial and criminal 
nthropometry. His own major works are meticulous in detail, complex 
in design, and often witty and controversial. Hooton’s interests were 
strongly eugenic, and his published studies of race, physique and occupa- 
tion often elicited cacophonous protests from his many critics. At times 
his surveys became unwieldy and marred by faulty sampling, and his 
largest enterprise, the survey of American criminals, was characterized 
by considerable differences in anthropometric technique between the 2 
field workers who performed the measurements. 

Such flaws are minimal in the Irish survey. Most of the data, dealing 
with adult Irishmen, were the work of Dupertuis alone. Dr. Dawson’s 
survey of 1,800 women was localized in western Ireland, and is not very 
fully integrated into the major portions of the text, which grew out of 
the study of the men. 

Considering the time when the male measurements were made (1934- 
36), Dupertuis’ sampling design is surprisingly good, although too few 
urban Irishmen are included, By travelling over 45,000 miles, Dupertuis 
measured over 10,000 subjects, and his description of his travels has 
almost the literary charm of the relaxed and anecdotal Hooton. 

Hooton’s contributions include an introduction on the civilization 
of Ireland, the geomorphology and topography of the island, and straight- 
forward description of regional variations in important measurements 
and morphological observations of the male series. This descriptive 
account is enhanced by excellent maps. Regional differences in body 
weight are the only important ambiguity, and the confusion in this 








384 BOOK REVIEWS 


picture was forced on Dr. Dupertuis by the necessity of measuring weight 
with clothing on at all seasons of the year. This limitation of the data ig 
all the more regrettable in view of recent findings on climate and body 
weight in man by a number of anthropologists. 

In considering the maps of morphological features in Ireland, one 
may object that modern zoogeographie devices such as clines were not 
used. The regional differences are presented very clearly, however, and 
some future scholar with keen intuitions may be able to make use of 
them in studies of the evolutionary dynamics of the Irish population. 

Next comes a sorting of the male series into subracial classes or 
morphological types. This reviewer has criticized the use of this method 
in reconstructing remote racial history (Am. J. Phys. Anthrop., 13, 
pp. 388-389). It is suitable for studies on recent race mixture, assortative 
mating or occupational preferences, but genetic considerations indicate 
that it should not be used to sort out supposedly ancestral strains in 
long-established human populations. 

Some interesting relationships among morphological types, age and 
occupation were found. Nordics, for example, are very scarce, Among 
the Irish, as in American convicts, Nordics are to a large extent an 
immature age group rather than a subrace. In Ireland, the Nordics 
occupy quite undistinguished stations in life, and remind one of the 
“gentle and furtive” Nordics in American prisons, as described in 
Hooton’s book Crime and the Man. Hooton’s lifework gives small comfort 
to anyone who still defends the racial superiority of Nordics. 

In the field of racial history, the attempts to relate the regional 
variations of the Irish to prehistoric migrations are unsuccessful, and 
this reviewer wonders how convincing this kind of remote analysis can 
ever be. Ancient Irish crania are rare and localized, and the literature 
on the racial anthropometry of Great Britain is only fragmentary. 
Regional traces of the Norse and English invasions seem to be more 
obvious than those of any earlier peoples. No evidence was found of 
local enclaves of swarthy or dark-eyed Irishmen, either as descendants 
of prehistoric immigrants or of such putative recent arrivals as the 
shipwrecked sailors from the Spanish Armada. This ubiquitous tidbit 
of Irish folklore can now be dismissed as pure fantasy. 

To the racial historian, an important section is the controversy with 
Professor C. S. Coon on the survival of European “ Upper Paleolithic ” 
physical types in Ireland. Coon’s great work The Races of Europe has 
as a major thesis the “ reduction” or fetalization of the skull in the 








P 
0 
0 
r 





BOOK REVIEWS 385 


pre-Neolithic peoples of Europe to produce most of the living populations 
of the area. Coon thinks that western Ireland shows a minimal amount 
of this trend. Hooton and Dupertuis contest this verdict, but to this 
reviewer, Coon’s reconstruction still stands. 

With all its great merits and lesser faults, the Irish survey is the 
consummation of Hooton’s life work. It is rich in detailed information 
of value to the historian, archaeologist or biologist. For those who have 
not the privilege of studying the Irish physiognomy in situ or in the 
Boston subway, the many excellent photographs are a tolerable substitute, 
and may stimulate many casual readers to enjoy the text as well, 


Epwarp E. Hunt, Jr. 
Forsyth Dental Infirmary, 
Boston. 


Anthropological and Ophthalmological Studies on the Angmagssalik 
Eskimos. By Ertk SKELLER. 231 pp. Reprinted from “ Meddelelser 
om Groenland ” Bind 107, Nr. 4, Copenhagen, 1954. 


Danish anthropology has scored again. The Angmagssalik Eskimos 
are now one of the best known peoples in respect to both tooth morphology 
(P. O. Pedersen, 1949, in the same monograph series) and the appearance 
of the eye and its refraction (the work under review). Furthermore, 
Skeller has included general anthropometric, anthroposcopic and genetic 
surveys of this group of East Greenland Eskimo and has related these 
studies to each other, to other Eskimo studies, to what is known of 
Mongoloid peoples in general, and to the leading theoretical issues con- 
cerning the race concept, race formation and race mixture. 

He devotes the first chapter to a brief discussion of the good and 
evil befalling the Eskimos because of civilization. The second concerns 
the concept of race in anthropology ; contrasting classical anthropometry 
with the population-genetical method, Skeller concludes that the latter 
supplements but does not replace the former. The third chapter intro- 
duces the geographic distribution of the Eskimos, theories of their 
migrations, and new archaeological evidence concerning their culture 
sequences. The rest of the chapter is devoted to the peopling of Green- 
land and especially Angmagssalik; prehistoric and historic population 
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movements; the question of European admixture on this isolated part 
of the East Coast; the practice of wife exchange and its relation to 
genetic studies; and age and sex distribution of the population. 

In Chapter 4 Skeller reviews the anthropometric studies of Eskimo 
skeletons, and of living Eskimos, Indians, and Mongoloids. Chapter 5 
takes up each of 39 measurements and observations in turn, reports the 
author’s data, and compares them to some of the findings of previous 
studies, Chapters 6 and 7 are methodological. Skeller analyzes and 
rejects use of the typological approach. He discusses the relation of 
diet to stature, criticizes the coefficient of racial likeness, compares his 
data with an independent series of the same groups of people measured 
15 years earlier by Gessain (in stature, head measurements and bizygo- 
metric diameter the agreement is excellent; in sitting height and morpho- 
logical face height their differences are apparent), and indicates the 
need for observations of differences between several groups or in many 
traits because of the possibility of recent random genetic drift in Eskimos, 

CLapters 8 and 9 take up the genetic traits: blood groups, iris color, 
finger prints, etc. The inhabitants of the west coast of Greenland are 
characterized as a hybrid population intermediate between the Angmags- 
salik «and Danes and Icelanders. This is disclosed more readily by 
means of the genetically conditioned characteristics than by anthropo- 
metric ones. 

Chapter 10 concerns the exterior eye. It is an especially thorough 
discussion of eye folds. In this series the most common adult form has 
a tarsal fold that leaves the margin free and a marginal fold that 
originates below the tarsal fold, partly covers the caruncula and ends 
in the skin of the nose. 

Chapter 11 discusses in detail the refraction of the eye. By plotting 
Eskimo and other refraction curves on probability paper, Skeller shows 
that they can be explained as the result of two Gaussian curves. He 
suggests that these represent two genetically different groups and that 
the Gaussian form represents the effects of exogenous, environmental, 
factors. Thus the two theories of etiology of myopia, that it is gene- 
determined and that it is the result of excessive reading or other near 
work, are ingeniously combined in this hypothesis. 

To summarize, this work contains all the usual appurtenances of 
a monograph in physical anthropology: numerous tables of measure- 
ments, front and side view photographs of 21 subjects, liberal citations 
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from the literature, etc. But all this material is focused on a series of 
problems : the extent of interbreeding, the effects of European diet, the 
relationship to other Mongoloids, the dominance of green eye color, and 
a stable and a labile gene determining ocular refraction. The author 
concludes with 7 suggestions for future study, but the list is too short; 
the reader may think of more nearly 70. 
GABRIEL LASKER 
Wayne State University, 
Detroit, Michigan. 


Growth at Adolescence. By J. M. TANNER. 212 pp. Charles C. Thomas, 


$5.85. 


HH 


Springfield, Illinois. 1955, § 


A common complaint among medical educators is that instruction 
and experience is directed toward the pathologic and the abnormal before 
an adequate appreciation of the nonpathologic or normal is developed. 
In no period of life has this been so true as in that dimly defined as 
adolescence. Temporarily suspended in the limbo between pediatrics and 
adult medicine, the adolescent passes through a period of anatomic, 
physiologic and psychologic alterations which approximates rates of 
change present otherwise only during the first years of life. Many of 
the alterations have been documented within recent years, partly as a 
result of “Growth and Development” studies, but no single review 
of data from diverse sources expressing diverse interpretations has 
been available until the publication of this monograph. The book covers 
largely pertinent material from publications which have appeared since 
1940, including some of the author’s reports from the Harpenden Growth 
Study. Very little unpublished data is cited. Charts and tables are 
present, but it should be stressed that this monograph is more of a 
commentary on data than a compendium like the Watson-Lowrey book. 
A very helpful feature is the redrawing of previously published graphs 
to provide greater uniformity and easier comparison throughout the 
volume. 

The author is clearly aware of limitations resulting from studies 
of small groups, from vagaries of technics, and from damping effects of 
cross sectional as opposed to longitudinal surveys; he is careful to 
indicate which conclusions are well founded and which are still open 
to question. For example, he is careful to point out that ordinary 
biometric data are well documented and permit operative conclusions, 
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whereas data on sexual dimorphism are sparse and statements based on 
them are less reliable at the present time. Nevertheless the author js 
willing to express personal opinions even on subjects in which active 
researchers may easily find reason for disagreement, This personal touch 
throughout the book, carrying pleasant intimations of the lecture hall, 
makes for an extremely readable presentation. 

In the sections devoted to physical growth, the author calls attention 
to the value of graphic representation of annual increments in comparison 
with the more common cumulative graphs. Variations in velocity of 
change of any characteristic studied are more easily recognized by this 
technic. As a corollary, individuals are more effectively compared by 
holding physiologic status constant than by holding chronological status 
constant ; e. g., menarche, age at peak of growth spurt, etc. The sequence 
of development of secondary sex characteristics and the variations are 
described in detail so that anxieties among children and their parents 
concerning deviations from the expected pattern can be allayed. The 
multiplicity of criteria for gauging developmental status, and antici- 
pating subsequent growth, should have considerable practical interest 
for orthopedic surgeons concerned with epiphyseolyses, spine fusions, 
etc. ; they are discussed in a chapter on “ Developmental Age and Concept 
of Physiological Maturity.” Extremely valuable chapters are those on 
“Physiologic Changes at Adolescence” and “ The Endocrinology of 
Adolescence ” even if the discussions are largely theoretical. Naturally 
a section on Mentality and Behavior is included, and the book concludes 
with comparative data from animal studies and a short section on technics 
of examination. There are the technics used at the Harpenden Growth 
Study; they include standard anthropometric examinations, photographs 
permitting measurements from enlargements, and radiographic examina- 
tions of chest, bones, teeth and soft tissues of the extremities. The 
accuracy of the last mentioned is enhanced by the simple expedient of 
maintaining the central plane of the limb at a fixed distance from the 
film (10 cm.). This places a limb of small girth somewhat remote from 
the film, but from the published illustrations no great loss of detail 
is recognized. Such loss as is present could be minimized by utilizing 
one of the recently available 0.3 mm, focal spot x-ray tubes. An extensive 
bibliography is appended. 

Dr. Tanner has rendered a great service in consolidating the informa- 
tion on growth at adolescence and offering interpretations for those less 
able than he to evaluate the data. He has succeeded in focusing on a 
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relatively neglected, complicated phase of human growth while main- 
taining its continuity with other phases both earlier and later. His 
efforts will be appreciated by those to whom he addresses the work in 
the preface: medical students and their teachers, biologists, anthro- 
pologists, and particularly to physicians concerned with children and 
adolescents. 

FREDERIC N. SILVERMAN 


The Children’s Hospital, 
Cincinnati, Ohio. 
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THE EXPRESSION OF THE EMOTIONS IN MAN AND ANIMALS. By Charles Darwin, 
xi + 372 pp. Philosophical Library, New York, 1955, $6.00. In her brief 
preface to this edition of a classical treatise, Margaret Mead notes the 
value of Darwin’s inquiry for the present-day study of the non-verbal 
aspects of human communication (“kinesics”), Eight pages of recent 
drawings and photographs of expressive behavior were added. 

NORADRENALINE. By U.S. von Euler. xxi + 382 pp. Charles C. Thomas, Spring- 
field, Ill., 1956. $11.50. A comprehensive monograph by one of the out- 
standing investigators on the adrenergic nerve transmitter and suprarenal 
medullary hormone. Most of the 750 references were published within the 
last 10 years. 

EXCEPTIONAL CHILDREN. By Florence L. Goodenough. x + 248 pp. Appleton- 
Century-Crofts, Inc., New York, 1956. $4.50, Against a rich background of 
experience in research and teaching in child development, the author deals 
with exceptionally intelligent and talented children, the intellectually 
inadequate, children with speech defects, and the physically handicapped. 

NEUTRAL CONTROL OF THE PiTuITARY GLAND, By G. W. Harris. ix + 298 pp. 
The Williams and Wilkins Co., Baltimore, 1955, $6.75. A survey of 
current information on the hypophysis (pituitary, the “ master gland”), 
designed for the advanced student. Last chapter deals with the effects of 
hormones on patterns of behavior. 

CULTURE AND EXPERIENCE. By A. Irving Hallowell, xvi + 434 pp. University 
of Pennsylvania Press, Philadelphia, 1955. $7.00. An important publi- 
cation of selected papers dealing with problems on the borderline between 
anthropology and psychology. Focussed on “ conditions that make a human 
existence possible and which account for the distinctive quality of human 
experience.” 

INFANT NUTRITION IN THE SUBTROPICS AND Tropics. By D. B. Jelliffe. 237 pp. 
World Health Organization, Geneva, 1955, $5.00. Following a review of 
infant-feeding practices, the author describes in detail the common nutri- 
tional diseases (including anemia, avitaminosis A, beriberi, rickets, and 
kwashiorkor) and methods of prevention. 28 pictures, 213 references. 

SExuAL Precocity. By Hugh Jolly. xiii+ 276 pp. Charles C. Thomas, Spring- 
field, Ill., 1955. $6.75. A survey of 69 cases of sexual precocity, most of 
which fall into 3 etiological groups: “cerebral,” adrenal, and gonadal. 
Typically, there is accelerated rate of skeletal growth but no precocity in 
dental growth or mental development. 

NEBRASKA SYMPOSIUM ON MOTIVATION. Edited by Marshall R. Jones. x + 274 pp. 
University of Nebraska Press, Lincoln, 1955. $3.00 (paper), $3.50 (cloth). 
The third volume in the series Current Theory and Research in Motivation 
consists of 6 papers concerned with different aspects of the problem and 
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different approaches to its study. J. Olds contributed a long paper on the 
physiological mechanisms of reward. 

Tue EFFEcT OF SUGAR SUPPLEMENTS ON DENTAL CARIES IN CHILDREN. By J. D. 
King, May Mellanby, H. H. Stones, and H. N, Green. viii+ 55 pp. Her 
Majesty’s Stationery Office, London, 1955. (Available from the British 
Information Services, 30 Rockefeller Plaza, New York 20). $0.77. A 
report on 3 independent studies (in the London area, in Liverpool and 
in Sheffield). Conclusion: Substantial differences in sugar content of the 
diets had no significant effect on the initiation or spread of detal caries 
over periods of 1 to 2 years. 

PsYCHOPHARMACOLOGY, Edited by Nathan S. Kline, x + 165 pp. The American 
Association for the Advancement of Science, Washington, 1956. $3.50. 
A symposium on the use of new pharmaceuticals, particularly chlorpro- 
mazine and reserpine, in the treatment of mental disease. These substances 
sedate the patient and allay his anxiety yet leave him conscious and 
amenable to psychotherapy. “New vistas are being opened for the 
psychiatrist, the neurologist, and physiologist, the pharmacologist, and 
the chemist ” (W. Overholser, Foreword). 

MIGRATION AND MENTAL Disease: A study of first admissions to hospitals for 
mental disease, New York, 1939-1941. By Benjamin Malzberg and Everett 
S. Lee. x + 142 pp. Social Science Research Council, New York, 1956. 
$1.50. The monograph is an important contribution to the analysis of 
complex interrelationships between migration and mental disease. Principal 
conclusions: 1) Rates of first admission were markedly higher for 
migrants, regardless of sex or color, and 2) the rates were much higher 
for recent than for earlier migrants. Extensive (42 pp.) introduction by 
Dorothy S. Thomas. 

CURRENT TRENDS IN PSYCHOLOGY AND THE BEHAVIORAL ScIENCEs, Edited by 
R. A. Patton. xvi + 142 pp. University of Pittsburgh Press, Pittsburgh, 
1954. $4.00. This eighth volume in the Current Trends in Psychology 
series consists of an introduction by R. A. Patton, and 6 papers concerned 
—some more, some less directly—with the relationships between psy- 
chology and some of the other behavioral sciences, including anthropology 
and neurophysiology. 

NUTRITION BIBLIOGRAPHY OF INDONESIA. By S. Postmus, R. Luyken, and P. J. 
Van der Rijst. ix + 135 pp. University of Hawaii Press, Honolulu, 1955. 
$1.75. An annotated bibliography of publications on foodstuffs, diets and 
nutrition (incl. some 70 entries on beriberi). A four-page glossary. 

FAMILY AND FERTILITY IN PvuERTO Rico. By J. Mayone Stycos, xv + 332 pp. 
Columbia University Press, New York, 1955. $6.00. “The first volume of 
the final report of the Family Life Research Project undertaken by the 
Social Science Research Center of the University of Puerto Rico with 
the purpose of trying to explain the dynamics of child spacing in Puerto 
Rican families of low income and low education.” 

THE PsycHoLocy of HUMAN DIFFERENCES. By Leona E. Tyler. viii + 562 pp. 
Appleton-Century-Crofts, Inc., New York, 1956. $6.00. An up-to-date 
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summary of the psychologists’ substantial contribution to the study of 


human variability. Covers 1) individual differences in psychological vari. 
ables, such as perception, intelligence and interests, 2) differences between 
groups, including age, sex, race, and class, and 3) factors producing the 
differences. 

PRINCIPLES OF EmpryoLocy. By C. H. Waddington. x + 510 pp. The Macmillan 
Co., New York, 1956. $7.50. A textbook for students acquainted with the 
basic facts of comparative anatomy, useful to research workers in other 
branches of biology. Emphasis is placed on the experimental (causal) 
analysis rather than the descriptive account of developmental changes. 

SouTHERN Arrica. Vol. If: Human Geography. By John H. Wellington, xviii + 
283 pp. Cambridge University Press, New York, 1955. $6.50. Section 3, 
“The People,” contains information on different segments (African, Euro- 
pean, “Colored,” Asian) of South African population, with emphasis on 
historical factors. A brief, final chapter is devoted to the physical and 
mental characteristics of the African. 

BIBLIOGRAPHY OF MONOLINGUAL SCIENTIFIC AND TECHNICAL GLOSSARIES. By 
Eugen Wiister. 202 pp. UNESCO (Columbia University Press, New 
York), 1955. $2.50. Covers principally technology. A negligible number 
of entries concern biology directly (nomina anatomica, Hebrew psycho- 
logical terms, malaria terminology). 

Joser Bro2zex 
University of Minnesota, 
Minneapolis, Minnesota. 
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